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INTRODUCTION 

Objectives  of  this  research  task  were  to  gain  insights  into  the 
environmental  requirements  of  the  dominant  macroinvertebrate  genera  and 
species  of  the  Yellowstone  River  and  to  describe  the  distribution  of 
macroinvertebrates  in  the  Yellowstone  and  Tongue  Rivers.  Current  veloc- 
ity and  water  depth  were  chosen  as  the  two  independent  variables  that 
would  be  examined.  Since  current  affects  invertebrate  distribution  in 
several  ways,  e.g.,  distribution  of  food,  size  of  substratum  and  current 
force,  and  because  current  and  discharge  are  closely  interrelated,  studies 
of  the  effects  of  current  on  invertebrate  distribution  would  be  meaningful 
and  would  permit  predictions  about  changes  in  invertebrate  communities  if 
flows  were  altered.  Because  of  the  gently  sloping  morphometry  of  the 
river  channel,  it  was  believed  depth  might  be  a  valuable  parameter  as 
well;  both  current  and  depth  are  functions  of  discharge.  Once  environ- 
mental requirements  are  established,  one  may  predict  how  the  population 
could  change  as  the  flow  environment  changes. 

Species  diversity  and  river  zonation  analyses  were  made  in  an  attempt 
to  understand  distributional  patterns  of  invertebrates,  provide  baseline 
data  and  record  differences  and  similarities  between  populations  at 
different  sampling  stations. 

The  classification  of  river  zones  is  helpful  in  comparing  the  results 
of  studies  on  the  ecology  of  different  rivers  and  is  useful  in  fishery  and 
river  management.  Most  attempts  at  river  classification  have  been  instigated 
by  the  needs  of  fishery  management. 

With  an  increasing  need  for  water  conservation,  both  quantitatively 
and  qualitatively,  a  system  of  river-zone  classification  is  invaluable  in 
predicting  the  likely  effect  on  the  ecology  of  the  river  of  projected 
management  policies  such  as  water  removal  and  flow  regulation. 

River  zonation  studies  began  at  the  end  of  the  last  century  with 
German  biologists  who  developed  a  system  of  classifying  river  zones  on  the 
basis  of  the  dominant  fish  species  present,  by  which  they  named  the  zones  - 
Trout,  Grayling,  Barbel  and  Bream.  Similar  methods  of  classification  were 
also  developed  in  other  regions.  Subsequent  studies  were  carried  out 
throughout  the  world  to  establish  whether  the  German  zonation  scheme  was 
generally  applicable.  These  and  further  studies  on  German  rivers  have 
attempted  to  characterize  the  different  zones  more  precisely  in  physio- 
graphical,  physio-chemical  and  biotic  terms  (Whitton  1975). 

Carpenter  (1928),  an  early  British  reseracher,  attempted  to  classify 
the  mountain  streams  of  North  Wales  and  she  was  obviously  influenced  by 
the  earlier  German  workers. 

Carpenter  described  a  typical  river  as  arising  as  several  sources  at 
high  altitude  to  give  rise  to  streams  characterized  by  swift  current,  steep 
gradient  and  extensive  erosion.  Downstream  as  the  gradient  decreases  the 
current  slows  and  the  stream  deepens  and  widens.  With  the  reduction  in 
current,  stones,  gravel  and  sand  are  successively  deposited  on  the  stream- 
bed.  Aquatic  macrophytes  may  take  root  in  silted  areas.  Still  further 
downstream  current  is  further  reduced,  the  river  widens  and  meanders  and 
the  bed  is  covered  with  deposited  silt. 


Carpenter's  classification  of  streams   included  a  taxonomic  list  of 
the  flora  and  fauna  of  each   zone.      High  altitude  zones   included  headstreams, 
trout  becks  and  minnow  reaches.     Lowland  stream  zones   included  upper  and 
lower  reaches. 

Huet  (1949,   1954)   using  stream  data  in  Europe,  refined  the  European 
system  which  recognized  four  zones,  each  identified  by  key  fish  species. 
The  trout  zones  had  a  steep  gradient,  fast  currents,   cool   temperatures  and 
oxygenated  water.     The  grayling  zone  was  deeper,  had  less  gradient,  gravel 
bottom  with  cool   temperatures  and  oxygenated  water.     The  barbel   zone  had 
moderate  gradient  with  an  alternating  riffle-pool   morphometry  and  a  few 
trout  still  were  present.     The  bream  zone  was  characterized  by  slight 
current,  high  temperatures  and  deep,  turbid  water.     The  four  zones  represent 
two  fish  faunistic  regions  -  an  upper,  cool  water  containing  salmonid  fish 
and  the  lower,  warmer  waters  containing  cyprinids. 

From  longitudinal   profiles  of  many  European  streams,  Huet  concluded 
that  the  fish  fauna  was  directly  related  to  the  gradient  of  the  stream, 
and  in  nearly  all   rivers  of  comparable  size,  stretches  with  similar  gradients 
have  similar  fish  faunas.      From  these  conclusions  he  formulated  his   "slope 
rule."    "in  a  given  bio-geographical   area,  rivers  or  stretches  of  rivers  of 
like  breadth,  depth  and  slope  have  nearly  identical  biological   characteristics 
and  very  similar  fish  populations.  " 

Other  European  researchers  have  found  that  the  concept  of  fish-fauna! 
zones   is  useful   in  river  and  fish  management;  it  is  necessary  to  realize 
its  limitations  due  to  historic,  geographic  and  climatic  influences,  however. 
Generally  the  greater  the  distance  from  the  original   streams  studied,  the 
more  the  original  scheme  of  zonation  needs  to  be  modified  to  meet  local   con- 
ditions.    Pollution   can  change  zonation  in  localized  areas,  also. 

The  zonal   distribution  of  fish  in  North  American  rivers  has  been 
demonstrated  by  a  succession  of  workers.     Shelford  (1911)   studied  the  dis- 
tribution of  fish  in  a  number  of  Lake  Michigan  tributaries  and  concluded 
that  fishes  have  definite  habitat  preferences  which  cause  them  to  be 
definitely  arranged  in  streams  which  have  a  graded  series  of  conditions 
from  mouth  to  source.     Burton  and  Odum  (1945)   and  Funk  and  Campbell    (1953) 
all   report  fish  distributed  in  zones  in  North  American  streams. 

From  these  studies   in  different  parts  of  the  world,   it  is  evident  that 
in  general   there  is  a  longitudinal   distribution  of  fish  species   in  rivers  in 
which  a  succession  of  different  fish  populations  occur  from  source  to  mouth. 
Other  generalizations  regarding  the  pattern  of  this  distribution  are  more 
difficult  to  make.     Funk  and  Campbell    (1953)   report  that  succession  is  by 
gradual   transition  along  the  length  of  a  river.     Other  workers  report  a 
zonal   distribution  in  which  there  is  a  sharp  border  between  zones. 

With  this  general    introduction   to  fish  zonation   in  mind,  the  next 
question  is  -  to  what  extent  do  fish  zones  represent  different  river  biocoenoses? 

Numerous  studies  have  been  conducted  on  the  longitudinal   distribution 
of  different  benthic  invertebrates   in  rivers.     Again,   the  earliest  research 
occurred  in  Europe,  but  studies  have  taken  place  throughout  the  world 


(Beauchamp  and  Ullyott  1932,  Carpenter  1928,  Chandler  1966).  The  longitu- 
dinal distribution  of  several  insect  orders  has  been  investigated  (Dodds 
and  Hisaw  1925;  Ide  1935;  Hynes  1941,  1948;  Macon  1957). 

Past  studies  of  the  longitudinal  distribution  of  aquatic  insects  have 
found  them  to  be  distributed  zonally  along  the  length  of  rivers.  It 
appears  that  each  taxon  exhibits  a  zonal  distribution  of  its  different 
species  along  the  length  of  a  river.  Within  taxa  some  species  have  a  re- 
stricted distribution,  especially  those  in  the  upper  reaches,  while  others 
extend  over  a  long  stretch  of  river.  Over  some  distances,  there  may  be 
little  change  in  species  present;  their  relative  abundance  changes  along 
the  length  of  river,  reflecting  a  change  in  the  ecological  structure  of  the 
community  (Hynes  1961). 

The  conclusion  is  that  both  fish  and  benthic  invertebrates  are  longi- 
tudinally distributed  along  rivers,  with  different  species  occupying  different 

sections  of  the  river.  One  would  expect,  therefore,  a  correlation  between 
fish  species  and  benthic  invertebrates. 

Some  authors  have  concluded  generally  that  different  biocoenoses, 
associated  with  the  different  fish  zones,  can  be  recognized.  Thorup  (1966) 
is  critical  of  these  studies  and  suggests  that  pollution  is  responsible  for 
the  observed  zonation  of  invertebrates  and  fish.  Maitland's  (1966)  work 
supports  the  views  expressed  by  Thorup. 

It  appears  from  available  evidence  that  although  fish  zones  can  be 
recognized,  the  association  of  benthic  biocoenoses  with  them,  does  not 
always  exist. 

A  new  theory  has  recently  emerged  to  explain  the  distribution  of  groups 
of  invertebrates  on  the  bottom  of  streams  and  rivers.  This  theory  is  known 
as  the  river  continuum  theory  as  proposed  by  Vannote  (1975)  in  Cummins  (1975b). 
This  theory  makes  use  of  theoretical  relationships  between  stream  order 
(Leopold  et  al.  1964,  Hynes  1970),  size  of  organic  matter  and  production, 
respiration  (P/R)  ratios. 

Headwater  streams  are  characteristically  heavily  dependent  upon  terrestrial 
contributions  (allochthonous)  of  particulate  organic  matter,  especially  coarse 
particles  (CPOM)  such  as  leaf  litter,  with  little  or  no  photosynthetic  pro- 
duction of  organic  matter.  CPOM  feeding  invertebrates,  or  shredders  and 
detritivores  feeding  on  fine  particulate  organic  matter,  or  collectors,  are 
the  dominant  macroconsumers.  Thus  headwaters  can  be  described  as:  CPOM  - 
fungi  -  shredder  -  FPOM  -  bacteria  -  collector  systems  (Figures  1  and  2). 

Intermediate-sized  rivers  are  less  dependent  upon  allochthonous  inputs 
and  more  on  organic  production  by  producer  organisms  along  with  input  of 
FPOM  from  upstream.  The  ratio  of  photosynthetic  production  to  community 
respiration  is  often  greater  than  one  (P/R  >  1)  in  contrast  to  headwater  and 
large  rivers  where  P/R  <  1  (Figure  2). 

Large  rivers  tend  to  be  turbid  with  heavy  sediment  loads  or  the  culmina- 
tion of  all  upstream  processes.  These  systems  possess  plankton  communities. 
These  rivers  could  be  characterized  as:  FPOM  -  bacteria  -  collector  systems 
(Figure  2). 
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Figure  1.  Relationships  between  detritus  and  st 
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Figure  2.  Relationships  between  detritus,  producers  and  consumers  in  different 
order  streams  -  stream  continuum  -  (Cummins  1975).        aiTterent 


Fish  populations  generally  show  a  transition  from  cold  water  invertivores, 
to  warm  water  invertivores  and  piscivores,   to  planktivores. 

Many  factors  regulate  the  distribution  and  abundance  of  stream  dwelling 
invertebrates.     Some  of  these  factors  include  current  speed,   temperature, 
the  substratum,   vegetation  and  dissolved  substances   (Hynes  1970).     Other 
factors  include  competition,  zoogeography  and  food.     This  is  the  more 
autecological   approach  to  distribution  of  aquatic  invertebrates  in  aquatic 
ecosystems. 

Temperature  and  water  chemistry  exert  the  greatest  influence  on  the 
composition  of  living  communities  considered  over  large  areas,  but  because 
of  feeding  and  respiratory  requirements,  it  is  largely  current  that  determines 
how  communities  actually  are  composed  (Jaag  and  Ambuhl   1964,  Chutter  1969). 
The  ecological  niche  of  many  macroinvertebrates  which  inhabit  flowing  water 
is  partially  determined  by  current.     In  fact,  some  species  are  confined  to 
fairly  narrow  ranges  of  current  speed.     In  the  case  of  certain  organisms, 
namely  the  net-building  caddisflies   (e.g.,  Hydropsyche,   Chewnatopsyche, 
Paz-apsyche) ,  it  has  been  established  that  the  nets  require  a  definite  current 
in  order  for  them  to  function  properly  (Philipson   1954). 

Many  organisms  need  the  current  to  be  nearby,  but  cannot  tolerate  being 
actually  in  it.     There  is  often  a  tremendous  difference  in  current  velocity 
for  an  insect  living  on  top  of  a  rock  to  that  for  one  living  under  that  rock, 
yet  both  may  have  current  requirements.     Because  of  the  impossibility  of 
taking  measurements  at  most  points  where  macroinvertebrates  exist,  current 
velocity  is   usually  measured  at  some  reproducible  depth;  e.g.,  mid-depth, 
0.6  of  the  total   depth,  or  near  the  bottom  (Hynes  1970). 

There  are  unmistakable  current  specialists  (e.g.,     Baetis,  Simulium  and 
Hydropsy che) ,  while  some  other  organisms  find  their  optimum  at  low  velocities 
(e.g.,  Gammavus,  Hyalella,   Triaorythodes) .      It  seems  that  each  species  prefers 
a  certain  range  of  current  velocity. 

In  every  turbulent  flowing  system,  marginal  effects  develop  in  what  are 
called  boundary  layers.     Close  to  the  substratum,  movement  of  the  water 
gradually  slows  owing  to  friction,  and  a  boundary  layer  is  formed  in  which 
the  flow  is  strongly  retarded,   until,  close  to  the  substratum,   it  is  stagnant 
(Jaag  and  Ambuhl   1964).     The  thickness  of  this  boundary  layer  depends,  among 
other  things,  on  the  velocity  of  the  current  above  and  the  shape  and  roughness 
of  the  substratum.     Extremely  flattened  organisms  (e.g.,  Epeovus,  Rhithrogena) 
make  use  of  the  boundary  layer  to  avoid  the  current. 

Many  animals  that  live  in  flowing  water  can  be  maintained  only  in  such 
water.     These  species  either  possess  no  ventilating  organs  or  have  changed 
or  lost  the  function  of  those  organs   in  the  course  of  their  evolutionary 
development.       They  are  extremely  sensitive  to  still  water  and  quickly  die 
in  it  (e.g.,  most  Plecoptera). 

Macrodistribution  of  aquatic  invertebrates  can  be  explained  with  dif- 
ficulty as  habitat  gradually  changes  moving  downstream.     Cummins  (1975a) 
described  food  as  the  ultimate  determinant  of  macroinvertebrate  distribution 
and  abundance  in  non-disturbed  running  waters.     The  current  regime,  velocity 
and  turbulence  set  the  limits  on  the  range  of  sediment  particle  sizes  present 


as  well  as  controlling  such  features  as  the  growth  of  peri phy ton,  macrophytes 
and  accumulation  of  particulate  detritus.     The  size  of  particles  present 
decreases  in  a  downstream  direction   (Macan  1974,  Hynes  1970)   and  this  results 
in  community  variation  in  primary  producers,  macroinvertebrates  and  fish. 
These  community  changes  may  be  generally  placed  into  three  categories  or 
habitat  subsystems:     (1)   erosional   zone,   (2)   intermediate  zone,  and  (3) 
depositional  zone.     Each  zone  has  a  charactistic  physical -chemical   makeup 
and  a  characteristic  fauna. 

Aggregations  or  communities  of  aquatic  organisms  are  subjected  to  almost 
continual   stress  due  to  environmental   changes,  some  of  which  are  "natural" 
and  others  are  caused  by  wastes  from  our  industrialized  society.      It  is 
stresses  of  the  latter  sort  that  are  often  operating  in  streams  and  lakes 
throughout  the  United  States.     It  is  a  generally  accepted  axiom  in  ecology 
that  a  gross  environmental   stress  exerted  upon  a  diverse  biological   community, 
consisting  of  a  large  number  of  species,  results  in  a  reduction  of  species 
diversity  (i.e.,  number)  or  a  simplification  of  the  system  (Cairns  1969). 
Slobodkin  and  Sanders   (1969)   developed  the  stability-time  hypothesis  to 
suggest  the  kinds  of  animals  that  must  live  in  low  and  high  diversity  places. 
This  hypothesis  states:     that  all    places  of  high  diversity  would  have  stable 
or  predictable  environments  and  that  all   places  of  low  diversity  would  either 
be  places  of  unpredictable  hazard  or  they  would  be  short-lived.     This  theory 
was  tested  in  one  widespread,  stable  environment  -  the  ocean  floor,  and 
although  the  investigation  is  far  from  complete,  the  theory  appears  to  hold. 

In  unstable  areas,  or  where  there  is  not  much  time,   the  dangers  of 
extinction  are  great.     Populations  of  opportunistic  animals  must  frequently 
be  decreased  by  weather,  and  the  possibility  exists  of  an  entire  breeding 
failure.     The  loss  of  several   consecutive  year-classes  means  extinction, 
even  for  long-lived  animals.     But  such  year-class  failure  is   less  likely  in 
stable  climates,  and  a  series  of  failures   is   unlikely.     Extinction  is  thus 
more  likely  as  environmental   stress  increases.     But  the  actual   number  of 
species  present  in  any  place  is  a  product  both  of  the  loss  of  species  by 
extinction  and  of  their  replacement  with  new  species.     In  a  few  specialized 
organisms  such  as  birds,  a  limit  to  the  number  of  species  that  can  accumulate 
is  set  by  a  restricted  number  of  possible  niches.     For  most  other  kinds  of 
animals  and  plants  the  possible  number  of  niches   is  much  larger  than  the 
existing  number  of  species.     The  actual   patterns  of  diversity  presently 
evident  are  the  products  of  different  environments  of  the  earth  (Colinvaux 
1973). 

The  use  of  species  diversity  indices  to  analyze  biological   communities 
originates  from  efforts  to  apply  communications   information  theory  to  com- 
plex biological   problems.     Various  workers  who  have  explored  the  theoretical 
use  of  diversity  indices  in  biology,   suggested  refinements,  or  attempted 
studies  include  Brillouin  (1960),  Cairns  and  Dickson   (1971),  Lloyd  and 
Ghelardi   (1964),  Lloyd,  Zar  and  Karr  (1968),  Margalef  (1968),  Pielou  (1969), 
Wilhm  (1967,   1970abc,   1972),   and  Wilhm  and  Dorris   (1966,   1968).     Several 
indices  have  been  generally  accepted  for  uniformity:     mean  diversity  ("3"); 
equitability  (Em);   redundancy  (R);  evenness   (J1);  and  richness  (SR). 

In  general,   the  fundamental   objective  of  information  theory  as  applied 
to  biology  is  to  provide  insight  into  community  structure.     The  biological 
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information  theorist  asks  how  much  new  knowledge  or  "information"  about 
the  species  composition  of  a  community  can  be  obtained  by  drawing  individuals 
at  random.  If  the  community  is  composed  of  only  one  species,  then  no  new 
information  is  obtained  after  the  first  drawing.  But  if  the  community  is 
composed  of  numerous  species,  possibly  with  each  individual  being  a 
different  species,  then  much  new  information  is  gained  with  each  drawing. 
Information  theory  attempts  to  quantify  this  "knowledge"  or  "information" 
contained  in  the  community  in  terms  of  "bits"  of  information  per  individual. 

Mathematically  stated,  "information"  equals  the  uncertainty  of  correctly 
predicting  the  identity  of  an  individual  randomly  chosen  from  a  community. 
Where  uncertainty  is  high,  information  per  individual  is  high  and  conversely. 
The  mean  amount  of  uncertainty  of  prediction  of  any  individual's  identity 
equals  the  mean  number  of  bits  of  information  per  individual,  and  this 
number  is  referred  to  as  the  species  diversity  index.  Mean  information  per 
individual  is  commonly  measured  using  the  function  developed  by  and  named 
after  Shannon  and  Weaver  (1964).  The  formula  for  the  Shannon-Weaver 
function  is: 

s 
d=  -  e    (Ni/N)  log2  (Ni/N) 

i=l 

where  d  =  mean  number  of  bits  of  information  per  individual   or  the  species 
diversity  index,   also  written  as  TJ 
S  s  number  of  species 

Ni  *  number  of  individuals  in  the  i       species 
N  =  total   number  of  individuals 

A  few  of  the  authors  cited  earlier  in  this  section,     and  especially 
Hurlbert  (1971),  have  criticized  the  Shannon-Weaver  function  as  improperly 
used  in  many  studies.     However,  the  U.   S.   Environmental   Protection  Agency 
(1973)   has  provisionally  accepted  and  recommended  the  function  for  aquatic 
macrobenthos  studies. 

The  index,  d\  possesses  features  that  make  it  a  useful   method  for 
summarizing  community  diversity.     The  index  is  dimensionless  and  expresses 
the  relative  importance  of  each  species  in  the  community.     As  sample  size  is 
increased,  the  d"  of  the  progressively  pooled  samples   increases  rapidly  at 
first  and  then  levels  off.     Since  diversity  of  progressively  pooled  samples 
reaches  an  asymptote  and  since  diversity  of  individual   samples  are  highly 
variable,   it  is  preferable  to  report  asymptotic  diversity.     Diversity  had 
leveled  off  the  fifth  pooled  sample  in  most  of  the  areas  sampled  (Wilhm 
1970abc).     The  range  of  ~5  varies  from  zero  to  any  positive  number.     A  value 
of  zero  is  obtained  when  all   individuals  belong  to  the  same  species.     The 
maximum  value  of  <T  depends  on  the  number  of  individuals  counted  and  is  ob- 
tained when  all    individuals  belong  to  different  species.     The  ~5  usually 
varies  between  three  and  four  in  clean-water  stream  areas  and  is  usually 
less  than  one  in  polluted  stream  areas. 

EQUITABILITY  (E  ) 

As  measured  by  Margalef  (1957)     and  Krebs   (1972),  equitability  (Em)   is 
a  ratio  of  the  observed  cT  to  a  maximum  theoretical   diversity  (dmax)   computed 
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as  though  all  individuals  were  equally  distributed  among  the  species.  Maxi- 
mum diversity  here  is  measured  simply  as  log2  S,  therefore: 

Em  *  "d/log  2  S 

As  equitability  increases  the  more  evenly  distributed  the  species 
become  or  the  more  closely  their  distributions  conform  to  perfect  theoretical 
distributions.  Equitability  (Em)  may  range  from  0  to  1  except  in  the  unusual 
situation  where  the  distribution  in  the  sample  is  more  than  the  distribution 
resulting  from  the  MacArthur  model.  Such  an  eventuality  will  result  in 
values  of  Em  greater  than  1,  and  this  occasionally  occurs  in  samples  containing 
only  a  few  specimens  with  several  taxa  represented.  The  estimates  of  Em 
and  c[  improve  with  increased  sample  size,  and  samples  containing  less  than 
100  specimens  should  be  evaluated  with  caution  if  at  all  (EPA  1973). 

Equitability  has  been  found  to  be  very   sensitive  to  even  slight  levels 
of  degradation.  An  improved  equitability  formula  is  presented  below  and 
must  be  used  with  tables  presented  in  Lloyd  and  Ghelardi  (1964)  and  EPA  (1973): 

Em2  ■  sVs 

where  S  =  number  of  taxa  in  the  sample 
Si  =  tabulated  value 

Because  a  table  is  required  to  calculate  Em2,  it  is  not  easily  applied 
to  computer  operations.  Equitability  levels  below  0.5  have  not  been  encountered 
in  southeastern  streams  known  to  be  unaffected  by  oxygen-demanding  wastes, 
and  in  such  streams,  Em2  generally  range  between  0.6  and  0.8.  Even  slight 
levels  of  degradation  have  been  found  to  reduce  Em2  below  0.5  and  generally 
to  a  range  of  0.0  to  0.3. 

REDUNDANCY  (R) 

Redundancy  (R)  as  measured  by  Wilhm  and  Dorris  (1968)  and  Cairns  and 
Dickson  (1971)  gives  the  relative  position  of  the  observed  diversity  index 
(cT)  between  theoretical  maximum  and  minimum  diversities  (dmax  and  dm-jn). 
Calculated  as  follows: 

R  a  d  max  "  9" 


d  max  "  dmin 


Theoretical  maximum  (dmax)   and  minimum  (dm-jn)  are  calculated  as  follows: 

dmax  "   H/N)    Dog2  NJ-S  log2(N/S)!n 
dmin  =   (l/N){log2  N!   -log2 [>(S-1 )  "J  . } 


^^r" 


Redundancy  (R)  is  a  measure  of  the  repetition  of  information  within  a 
community  and  thereby  expresses  the  dominance  of  one  or  more  species  and  is 
inversely  proportional  to  the  wealth  of  species.  Redundancy  (R)  is  maximal 
when  no  choice  of  species  exists  and  minimal  when  there  is  more  choice  of 
species.  A  second  dmax  calculated  is  dmax  ■  log2N  but  is  not  widely  used. 

EVENNESS  (J') 

If  an  investigator  is  dealing  with  data  consisting  of  the  numbers  of 
individuals,  N,  M?,  ...,  N  ,  in  each  of  the  S_  species  and  if  the  data  are 
portrayed  in  histogram  form,  S^  is  the  range  of  data  or  the  width  of  the 
histogram.  The  shape  of  the  histogram  is  best  described  in  terms  of  what 
may  be  called  its  "evenness."  Thus  the  distribution  has  maximum  evenness 
if  all  the  species  abundances  are  equal;  and  the  greater  the  disparities 
among  the  different  species  abundances,  the  smaller  the  evenness.  Evenness 
is  calculated  as  follows  (Pielou  1969): 

EVENNESS  -  diversity 
log2S 

where  S  ■  number  of  species 
diversity  ■  Shannon-Weaver  diversity  index  (d) 

Egloff  and  Brakel  (1973)  calculated  evenness  for  a  population  of 
aquatic  macroinvertebrates  in  a  stream  receiving  large  inputs  of  domestic 
sewage.  Above  the  outfall  evenness  values  ranged  from  0.6  to  0.7  when 
diversity  was  3.0  and  greater,  while  below  the  outfall  evenness  dropped  to 
0.4  and  below  and  diversity  decreased  to  less  than  one.  The  number  of 
species  and  evenness  appeared  to  be  reciprocals  of  one  another  along  the 
stream  except  at  the  outfall  where  both  decrease.  The  evenness  index  has 
not  been  widely  used  in  aquatic  studies. 

SPECIES  RICHNESS  (SR) 

A  further  component  of  diversity,  richness,  was  calculated  in  the 
computer  program  furnished  by  Orr  et  al.  (1973),  but  no  reference  to  it 
could  be  found  in  the  literature.  It  was  calculated  as  follows: 

SR  =  d  -  d  /  log2N 

Species  richness  is  more  commonly  calculated  by  summing  the  total 
number  of  species  present  in  a  sample. 

FORTRAN  computer  programs  for  calculating  species  diversity  indices 
are  available  from  the  following  sources:  Wilhm  (1970b),  Cairns  and 
Dickson  (1971),  and  Orr  et  al.  (1973). 

As  commonly  used  by  biologists,  species  diversity  indices 
provide  insight  into  the  structure  of  natural  communities  and  may  suggest 
qualitative  aspects  about  their  surrounding  environments.  A  low  diversity 
index  (et)  indicates  a  largely  monotypic  community  dominated  by  a  few 
abundant  organisms.  Often  the  total  number  of  species  is  considerably 
reduced.  In  addition,  a  low  diversity  index  often  suggests  that  degradational 
environmental  conditions  exist  which  favor  the  proliferation  of  a  few  tolerant 
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species  and  the  removal  of  intolerant  forms.  A  high  diversity  index 
indicates  a  heterogeneous  community  in  which  abundance  is  distributed  more 
evenly  among  a  number  of  species.  The  total  number  of  species  is  generally 
large. 

A  modification  of  the  Shannon  indices  is  the  Brillouin  index  (Pielou 
1969).  In  the  final  stages  of  this  study  the  Brillouin  index  was  calculated 
and  compared  with  the  Shannon  values.  Formulas  are  presented  in  Appendix  A. 

DESCRIPTION  OF  THE  STUDY  AREA 

The  Yellowstone  River  originates  in  Yellowstone  National  Park  as  a 
tributary  of  Yellowstone  Lake.  From  Yellowstone  Lake  the  river  flows 
northward  for  about  60  miles  before  entering  Montana  near  Gardiner.  After 
entering  Montana,  the  Yellowstone  River  continues  a  northward  route  for 
about  70  miles  until  near  Livingston,  where  the  river  turns  eastward  as 
it  leaves  the  mountains  and  flows  across  the  prairie  of  southern  Montana. 
The  Yellowstone  River  joins  the  Missouri  River  just  inside  North  Dakota 
about  30  miles  east  of  Sidney,  Montana.  About  570  miles  of  river  are  found 
in  Montana  and  sampling  stations  included  550  miles  of  this  total. 

Table  1  lists  the  longitudinal  and  elevational  location  of  the  20 
sampling  stations  and  the  stations  are  more  graphically  shown  in  Figure  3. 
The  Tongue  River  was  extensively  studied  also,  and  the  macro in vertebrate 
fauna  there  influence  the  fauna  of  the  lower  Yellowstone  River  and  so  it  is 
included  in  this  study  (Figure  4). 

METHODS  AND  MATERIALS 

Many  sampling  methods  were  used  to  collect  aquatic  macroinvertebrates 
on  the  Yellowstone  River,   including  kick  nets   (Figure  11),  Water's  Round 
Sampler  (Figure  12)   and  Hester-Dendy  multiple  plate  artificial   substrates. 

The  kick  net  was  a  modified  Turtox  bottom  net  with  dimensions  of 
8"x8"  and  10"  deep  (46x20x25.4  cm).     A  six-foot  wooden  handle  was  used  to 
hold  the  net  perpendicular  to  the  current.     A  wire  frame  17"xl6"   (43.2x40.6  cm) 
was  attached  to  the  bottom  lip  of  the  net  frame  perpendicular  to  the  net 
opening  in  such  a  way  that  the  wire  frame  rested  on  the  stream  bottom.     The 
area  within  the  frame  was  272  in.2  (0.175  m2)   and  when  the  area  within  the 
frame  was  disturbed,   the  bottom  organisms  were  carried  into  the  number  20 
(0.70  mm)  mesh  net.     This  sampler  is  essentially  a  Surber  Sampler  on  a  pole. 

Net  material  was  added  to  each  side  of  the  wire  frame  to  minimize  side 
washout  of  organisms.     This  technique  can  be  used  as  long  as  the  water  is 
shallow  enough  to  wade.     The  bottom  outlined  by  the  frame  is  merely  stirred 
with  the  foot.     This  sampler  was  used  at  the  Glendive  and  Intake  sampling 
stations  during  1975  only.     Water  depth  and  current  speed  at  six-tenths  the 
depth  were  determined  in  the  center  of  each  sampling  site.     A  timed  (2-minute) 
kick  sample  without  the  17"xl6"  frame  was  taken  at  many  stations  during  1974 
in  the  Yellowstone  and  Tongue  rivers   to  determine  relative  abundance  of 
organisms. 
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Table  1.     Yellowstone  River  sampling  stations, 


River 

No. 

Location 

County 

Elevation 

(msl) 

Mile** 

I 

Corwin  Springs 

Park 

5110  ft. 

549 

2 

Mallard  Rest  Access 

ii 

4620 

515 

3 

above  Livingston 

ii 

4490 

501 

4 

above  Shields  River 

M 

4380 

497 

5 

Grey  Bear  Access 

Sweetgrass 

4100 

468 

6 

below  Greycliff 

ll 

3880 

444 

7 

Columbus 

Stillwater 

3566 

411 

8 

Laurel 

Yellowstone 

3294 

391 

9 

Duck  Creek  Bridge 

ii 

3140 

360 

10 

Huntley 

ii 

3110 

349 

11 

Custer 

ii 

2720 

300 

12 

Bighorn  River 

Treasure 

2700 

296 

13 

Myers 

n 

2640 

279 

14 

Forsyth 

Rosebud 

2490 

234 

15 

Miles  City 

Custer 

2335 

184 

16 

Terry 

Prairie 

2190 

138 

17 

Glendive 

Dawson 

2045 

93 

18 

Intake 

ii 

1998 

71 

19 

Sidney 

Richland 

1892 

30 

20 

Cartwright,   N.D. 

McKenzie 

1850 

9 

**Mo 

uth  of  the  Yellowstone  River  is  river  mile 

0.0. 
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Figure  5.     Sampling  Station  1,  Corwin  Springs. 
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Figure  6.  Yankee  Jim  Canyon  between  sampling  Stations  1  and  2. 
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Figure  7.      Near  Station  3  above  Livingston. 
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Figure  8.     Station  4  at  Livingston. 
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Figure  9.     Station  5  at  Greybear  fishing  access. 
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Figure  10.     Aerial   view  of  Yellowstone  River  above  Miles  City. 
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Figure  11.     Kick  net  and  other  data  collecting  gear 


A  Water's  round  sampler  (Figure  12)  was  used  to  take  six  samples  per 
month  at  10  of  the  20  sampling  stations  in  the  Yellowstone  River  from 
August-November  1975. 
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Figure  12.     Water's  round  bottom  sampler. 
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The  Water's  sampler  is  19.5  in.    in  height  and  encloses  an  area  just 
slightly  less   than  1-foot  square   (143.14  in.2)   or  0.093  m2.     The  area  to 
be  sampled  is  approached  from  downstream  and  is  randomly  selected.     The 
sampler  is  forced  into  the  bottom  and  the  investigator  reaches  down  through 
the  open  top  and  stirs  the  bottom  with  his  hand.     Water  current  carries  the 
organisms   into  the  trailing  net  with  a  20-mesh  net.      All   organisms  were 
preserved  in   the  field   in   70  percent  ethyl    alcohol    (Appendix  B). 

Hester-Dendy  multiple  plate  artificial   samplers  were  used  occasionally 
during  1974,  but  proved  to  be  unsatisfactory  and  were  discontinued  (Hester 

and  Dendy  1962,    Fullner  1971,   Parsons   and  Tatum  1974). 

In  the  laboratory,   all   organisms  were  picked  from  bottom  detritus  and 
gravel   under  a  dissecting  microscope.      In  most  cases  immature  invertebrates 
were  identified  to  genus  and  species  and  less  commonly  to  family  using 
appropriate  taxonomic  keys.     Adult  insects  were  used  whenever  possible  to 
confirm  species   identifications.      Experts  were  consulted  when  difficulties 
were  encountered. 

Current  velocity  and  depth  measurements  were  made  to  determine  velocity/ 
depth   requirements   for  invertebrates.     All   measurements  were  made  with  a 
Price  model   AA  type  current  meter  obtained  from  Scientific  Instruments,    Inc. 
of  Wisconsin,    Milwaukee.      All    velocity  measurements  were  made  at  the  0.6 
depth. 

RESULTS 

Ma croi n vertebrate  Distribution 

A  checklist  of  the  macroinvertebrates  found  in  the  Tongue  and  Yellowstone 
rivers  is  presented  in  Table  2.  This  list  is  as  complete  as  possible,  and 
utilizes  all  published  sources  available,  as  well  as  data  gathered  during 
this  study.  Distributional  records  were  taken  from  Stadnyk  (1971),  Gaufin 
et  al.  (1972),  and  Thurston  et  al .  (1975). 

When  a  precise  species  identification  was  not  possible,  the  most  probable 
species  is  listed  in  parentheses  using  the  most  recent  available  distribution 
data.   In  the  order  Diptera,  several  genera  are  listed  under  the  family 
Chironomidae;  this  is  the  only  place  these  genera  will  appear  in  this  report 
because  of  unconfirmed  identifications. 

This  group  is  difficult  to  identify  and  it  is  difficult  to  have 
identifications  confirmed.  This  group  is  being  examined  more  closely,  but 
this  work  is  incomplete  at  this  time. 

The  distribution  of  all  mayflies  (Ephemeroptera)  known  to  occur  in  the 
Yellowstone  River  is  presented  in  Table  3.  The  mayfly  fauna  consists  of  37 
species  variously  distributed.   In  this  table  and  in  several  others,  stations 
7-12  are  shaded  and  represent  the  probable  location  of  the  transition  zone 
between  salmonid  and  nonsalmonid  fish.  It  would  also  correspond  to  the 
intermediate  zone  between  the  erosional  and  depositional  habitat  subsystems 
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Table  2.  Checklist  of  the  aquatic  macroinvertebrates  of  the  Tongue  River 

(t)  and  the  Yellowstone  River  (y). 

Phylum  Arthropoda 
Order  Ephemeroptera 
Family  Siphlonuridae 

Ameletus    ( oregonensis   McD. 1)  y 

Isonyahia  (siooa  campestris   McD. 1)  y 
Family  Baetidae 

Baetis   (alexanderi   M.S.  Edmunds  &  Jensen,!            y      t 

Baetis  parvus   Dodds  y       t 

Baetis    (propinquus   Walsh J  y 

Baetis   trioaudatus   Dodds  y 

CcntroptiVum   sp.  A  y 

Daatylobaetis  cepheus   Traver  &  Edmunds  y      t 

Pseudoaloeon   sp.  A  y 
Family  Oligoneuri idae 

Laehlania  powelli   Edmunds  y 
Family  Heptageniidae 

Epeorus   (Iron)   albertae   (McD.)  y 

"       "     longimanus   (Eaton)  y 

lleptagenia.  elegantula   (Eaton)  y       t 

Rhibhrogena  undulata   (Bks.)  y       t 

Gtenonema  termination   (Walsh)  y       t 

Etcnomena   prob  n.  sp.  y 
Family  Ametropodidae 

Ametropus    (neavei   McD.^  ?  y 
Family  Leptophlebi idae 

Choroterpes  albiannulata   McD.  y       t 

leptophlebia.  gravastella   Eaton  y       t 

Par alep tophi ebia  bioornuta   (McD.)  y 

"            heteronea   (McD. )  y 

Tvaverella  alb er tana   (McD.)  y      t 
Family  Ephemerellidae 

Ephemerella   ( Attenuatella)   margarita   N.  y 

"         (Caudatella)   h.    heterocaudata   McD.  y 

"          "        hystrix   Traver  y 

"        (Drunella)  doddsi   Needham  y 

"           "        g-.  grandis  Eaton               y 

"         (Ephemerella)   inermis  Eaton              y       t 

"         (Serratella)    tibialis  McD.                y 

"         (Timpanoga)    h.    hecuba  (Eaton)             y 
Family  Tricorythidae 

'Friaori-jthodes  minutus   Traver  y       t 

"         sp.  A  y 
Family  Ephemeridae 

Ephemera   sp.  A  y 
Family  Polymitarcidae 

Ephoron  album   (Say)  y 
Family  Caen idae 

Bvaohyeercus    (pvu/lens   McD.? J  y       t 

Caenis    latipennis  Y                  ^_^  ' 
Family  Baetis cidae 

Baetis ca   sp.  A  y       t 
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Table  2  continued.  Checklist  of  the  aquatic  macroinvertebrates  of  the 

Tongue  River  (t)  and  the  Yellowstone  River  (y). 


Order  Trichoptera 

Family  Rhyacophilidae 

Rhyacophila  bifila     Bks.  y 
Family  Helicopsychidae 

Helioopsyahe  borealis   (Hagen)  y 
Family  Glossosomatidae 

Clossosoma   sp  A.  y      t 

"        traviatum   Bks.  y 

"        velona   Ross  y 
Family  Psychomyiidae 

Polycentropus  cinereus   Hagen  y 

Vsyohomyia  flavida   Hagen  y 
Family  Hydropsychidae 

Arctopsyche  grandis   Bks.  y 

Chcwnatopsyche   sp.  A  y       t 

"  analis   (Bks. )  y 

"  campy  la   Ross  y 

"  lasia   Ross  y 

"  erionis   Ross  y 

II  y  dropsy  che   sp.  A  y       t 
"        near  alhedra   Ross  t 

"         cocker -alii   Bks.  y 

"         corbeti   Nimmo  y 

"         occidcnbalis   Bks.  y 

"         oslari   Bks.  y 

"         separata   Bks.  y 
Family  Hydroptil idae 

lly drop tila   sp.  A  y      t 

"        waubesiana   Betten  y 

Aijvaylea  mul tipunctata   Curtis  y 

Oahrotrichia  pjotomas   Denning  y 

Neotrichia   sp.  A  y 
Family  Leptoceridae 

Athripsodes   sp.  A  y 

Leptocella   sp.  A  y 

Occetis   sp.  A  y      t 

"      avara   (Bks.)  y 

"     disjuncta   (Bks.)  y 

1'riacnodes  frontalis   Bks.  y 
Family  Lepidostomatidae 

licp-Ldo stoma   n.  sp.  y 

"        pluvialis   Milne  y 

"        veleda   Denning  y 
Family  Brachycentridae 

Amioo.cn brus  aspilus    (Ross)  y 

Brachycentrus   sp.  A  y       t 

"  americanus    (Bks)  y 

"  occidentalis   Bks.  y 

Family  Limnephil idae 

llosperophylax  incisus   Bks.  y 

Limnephilus   baloga   Ross  y 
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Table  2  continued  (2).   Checklist  of  the  aquatic  macroinvertebrates  of  the 

Tongue  River  (t)  and  the  Yellowstone  River  (y). 


Order  Plecoptera 

Family  Nemouridae 

Nemoura   (Ppostoia)  besametsa   Ricker  y 

"      ( Zapada)   cinctipes   Bks.  y 

Paraleuctra  sara   Claassen  y 

Capnia   (Capnia)    confusa   Claassen  y 

"      "     gracilaria   Claassen  y 

"      "     limata   Frison  y 

"     (Vtacapnia)   distinota   Frison  y 

"      "       poda   Nebeker  &  Gaufin  y 

Eucapnopsis  vedderensis   Ricker  y 

Isocapnia  missoixrii   Ricker  y 

"       vedderensis   (Ricker)  y 

Brachyptera   ( Taenionema)   fosketti   Ricker  y 

"  "         nigripennis   Bks.  y 

"         pacifica   (Bks)  y 

Family  Pteronarcidae 

Pteronarcella  badia   (Hagen)  y 

Pleronarcys  calif ornica   Newport  y 
Family  Perlodidae 

Aroynopteryx   (Skwala)   parallela   (Frison)  y 

Iaogenus   (Cultus)   aestivalis    (N  &  C)  y 

"        "     tos tonus   Ricker  y 

"       (Isogenoides)   frontalis  colubrinus   Hagen  y 

"        "         elongatus   Hagen  y 

tsoperla  fulva   Claassen  y 

"      mormona   Bks.  y 

"      longiseta   Bks.  y 

"      patricia   Frison  y 

Family  Chloroperlidae 

Al toper  la   (Suwallia)   pallidula   (Bks)  y 

"       (Sweltsa)    coloradensis   (Bks)  y 

(Allopevla)   scvera   Hagen  y 

(Triznaka)   signata   (Bks)  y 
Family  Perlidae 

Acroneuria  atmormis  y 

"        (Ilesperoperla)  pacifica   Bks.  y 

Claassenia  sabulosa   (Bks)  y 


/I' 


Order  Isopoda 
Family  Asellidae 

Asellus  racovitzai  racovitzai   Williams 

Order  Lepidoptera 
Family  Pyralidae 
CabaclysLa   sp.  A 


-22- 


Table  2  continued  (3).  Checklist  of  the  aquatic  macroinvertebrates  of  the 

Tongue  River  (t)  and  the  Yellowstone  River  (y). 


c* 


Order  Hemiptera 

Family  Corixidae 

Oalliaorixa  uiahensis   (Hung.)  y 

Con  o oo vixa     a ude n i   ( H  u  n  g . )  y 

Sigoora  alternata   Say  y 

'frichoeorixa.  borealis   Sailer  y 

Family  Naucoridae 

Ambry sis  mormon   Mont.  y 

Family  Veliidae 

Rhagovelia  distinata   Champion  y      t 

Family  Gerridae 

Harris  remigis   Say  y 

Family  Nepidae 

Ranatra  fusaa   P.B.  y 

Order  Odonata 

Family  Gomphidae 

Gomphus   sp.  A  y      t 

Ophiogomphus   sp.  A  y      t 

Family  Agrionidae 

Calopteryx   sp.  A  t 

Family  Coenagrionidae 

Argia   sp.  A  t 

Amphiagrion   sp.  A  y       t 

Knallagrna   sp.  A  y 

"       ebrivm   (Hagen)  t 

Ischnura   sp.  A  t 

Order  Coleoptera 

Family  Dytiscidae 

Oreodytes   sp.  A  y 

Family   Dryopidae 
Uelichus   sp.    A  y 

Family  Elmidae 
DiJjiraphia  sp.    A  y  t 

Microaylloepus  pusillus   (LeConte)  y  t 

Optioservus  quadrimaculatus   (Horn)  y 

Stenalmis   sp.    A  y  t 

Zaitzevia  parvula   (Horn)  y 

Family  Gyrinidae 

Oyrinus  Sp.    A  y 

Order  Diptera 

Family  Blepharoceridae 

Agathon   sp.    A  y 

Family  Ceratopogonidae  y 
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Table  2  continued  (4) 


Checklist  of  the  aquatic  macroinvertebrates  of  the 
Tongue  River  (t)  and  the  Yellowstone  River  (y). 


Family  Chironomidae 
Subfamily  Tanypodinae 
Ablabesmyia   sp.  A 
Clinotanypus   sp.  A 
Cryptocladius   sp.  A 
Pvocladius   sp.  A 
Subfamily  Chironominae 
Chironomuc   sp.  A 
Crypto  ehironorms   sp.  A 
Miarotendipes   sp.  A 
Paralauterborni-ella   sp. 
Hhcotany tarsus   sp.  A 
uk'i.cbochironomus   Sp.  A 
Subfamily  Diamesinae 
Diamesa   sp.  A 

Mtmodimesa   so.  A 
Subfamily  Orthocladiinae 
Brillia   sp.  A 
Cardiocladius   sp.  A 

(,'riaotopus  so.    A 
F.ukiefferiella  sp.    A 
Metviocnemus  sp.    A 
Orthooladius  sp.   A 
Trichocladius  sp.    A 

Family  Dolochopodidae 

Family  Empididae 
Homer odromia  sp.    A 

Family  Muscidae 
fjimnophora  sp.    A 


A 


y 
y 
y 
y 

y 
y 
y 
y 
y 
y 

y 

y 

y 
y 
y 
y 
y 
y 
y 


y 

y 
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Table  3.    EPHEMEROPTERA  OF  THE  YELLOWSTONE  RIVER 

-STATIONS- 


B  ae  t  i  s  (  propinquus  ?  ) 
Ephemerella  hystrix 
Epeorus  longimanus 
Ephemerella  heterocaudat 
he cuba 


Baetis  tricaudatus 
Pseudocloeon  sp. 
Ephemerella  tibialis 
Ephemera  sp. 
Ephemerel  la  doddsi 

" ^r and  is 

Paraleptophlebia 

he teronea 
Epeorus  albertae 
Paraleptophlebia 

bicornuta 
Ephemerella  margarita 
S te none ma  prob .  n.sp. 
Ameletus  ( oregonensis 
E  phe  me  re 1 1 a  inermis 
Baetis  sp.  A 

"     parvus 
Heptagenia  elegantula 
Rhithrofiena  undulata 
Leptophlebia  gravastella 
Dactylobaetis  cepheus 
Tficorythodes  minutus 
Tricorythodes  sp.A 
Choroterpes  albiannulata 
Traverella  albertana 
Brachycercus  ( prude"ns 
Stenonema  terminatum 
Caen is  latipennis 
Ephoron  album 
Baetisca  sp. 
Isonychia  ( campestris 
Centroptilum  sp. 
Lachlania  powelli 
Ame tropus  ( ne  ave I  ? ) 
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Figure  13.  Aerial  view  of  the  Intake  diversion,  sampling  station  No.  18. 
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Figure  14.     Yellowstone  River  at  Intake  diversion. 
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Sampling  Stations 

Number  of  species  of  the  three  major  orders  found  at 
each  samplin:  station  in  the  Yellowstone  River. 


Figure  16.     Mature  nymph  of  the  mayfly    Heptagenia  elegantula. 
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Figure  17.     Adult  mayfly    Traoerella  albertana. 
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outlined  by  Cummins  (1975b)  for  large  rivers.  Four  species  were  collected 
throughout  the  study  area  and  a  fifth  species  (Ephemerella  inevmis)   was 
missing  only  from  the  lowermost  sampling  station.  There  is  some  question 
that  the  species  Baetis  alexanderi   may  actually  be  B.    insignif icons . 

The  number  of  mayfly  species  found  at  each  station  is  illustrated  in 
Figure  15.  Station  5  yielded  the  largest  number  of  species  (19)  and 
stations  19  and  20  the  fewest  with  10  species.  No  pattern  of  mayfly  dis- 
tribution is  apparent  throughout  the  transition  zone.  Along  a  longitudinal 
gradient  the  community  exhibits  a  gradual  shift  from  mountain  fauna  to 
prairie  fauna  or  a  fauna  more  adapted  to  slower  flow,  warmer  temperatures 
and  a  silty  substratum,  but  the  number  of  species  is  quite  constant  along 
the  entire  river. 


Figure  18.  Photo  of  the  Yellowstone  River  taken  about  10  miles  upstream 
from  Miles  City. 

The  longitudinal  distribution  of  the  stoneflies  (Plecoptera)  differs 
considerably  from  that  of  the  Ephemeroptera  (Table  4).  A  total  of  32  species 
was  identified  in  the  study  area.  No  single  species  was  collected  at  every 
station.  Data  available  for  this  order  are  probably  the  most  accurate 
because  of  the  work  of  Stadnyk  (1971)  and  Gaufin  et  al .  (1972).  Most  of 
the  fauna  are  probably  adapted  to  the  conditions  found  in  the  upper  river. 
A  total  of  12  species  drop  out  in  the  transition  zone  and  five  species 
could  be  classified  as  prairie  stream  forms.  Acvonewia  abnormis,   probably 
washed  out  of  the  Tongue  River  where  it  is  very  abundant,  and  was  collected 
only  at  Station  15.  The  number  of  Plecoptera  species  decreases  steadily 
downstream  (Figure  15).  Generally  the  non-prairie  stoneflies  appear  to  have 
habitat  requirements  similar  to  those  of  the  salmonid  fishes. 
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Table  4.    PLE COPTER A  OF  THE  YELLOWSTONE 


Capnia  distincta 
Isogenus  aestivalis 
Paraleuctra  sara 
Capnia  gracilaria 
Nemoura  be  same tsa 
Isoperla  fulva 
Capnia  confusa 
Capnia  poda 
Pteronarcys 

californica 
Alio  perl  a  coloradensis 
Isocapnia  vedderensis 
Alloperla  severa 
Eucapnopsis  vedderensi 
Alloperla  pallidula 
Hesperoperla  pacifica 
Nemoura  cinctipes 
Alloperla  signata 
Isoperla  mormona 
Arcynopteryx  parallela 
Brachyptera  nigripenn" 
Isogenus  tostonus 
Pteronarcella  badia 
Isogenus  elongatus 
Claassenia  sabulosa 
Alloperla  sp. 
Brachyptera  pacifica 
Isoperla  patricia 
Isocapnia  missourii 
Capnia  sp. 
Capnia  limata 
Acroneuria  abnormis 
Isoperla  longiseta 
Brachyptera  fosketti 
Isogenus  frontalis 
Brachyptera  sp. 
Isogenus  sp. 
Isoperla  sp. 
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Figure  19.     Yellowstone  River  at  Glendive  during  early  winter. 
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Figure  20.     Yellowstone  River  at  Terry  during  late  winter. 


-31- 


Caddisfly  (Trichoptera)  distribution  in  the  Yellowstone  River  is 
presented  in  Table  5.  The  present  species  list  contains  36  species  and 
additional  species  will  probably  be  collected.  Distributional  patterns 
are  less  distinct  than  with  the  Ephemeroptera  and  Plecoptera.  In  most 
cases  caddisfly  larvae  cannot  be  identified  to  species;  adult  males  are 
necessary.  The  present  distribution  is  incomplete  because  all  stations 
were  not  sampled  with  equal  frequency.  For  example,  Station  9  had  the 
largest  number  of  species  and  was  sampled  most  intensively.  Generally, 
caddisfly  distribution  is  similar  to  that  of  the  Plecoptera  with  a  steady 
decline  in  species  downstream.  The  genera  Hydropsyohe   and  Cheumatopsyohe 
are  abundant  throughout  the  river,  but  dominate  in  the  lower  10  stations. 

The  distribution  of  the  remaining  aquatic  orders  is  given  in  Table  6. 
The  order  Diptera  is  widely  distributed  throughout  the  river  with  the 
family  Chironomidae  being  the  most  abundant  and  diverse.  Protanyderus 
margarita,   an  interesting  species  previously  unreported  from  Montana,  was 
captured  at  several  stations.  Representatives  of  the  remaining  orders 
did  not  illustrate  any  distributional  trends  and,  with  the  exception  of 
the  Oligochaeta,  were  never  abundant. 

The  distribution  of  macroinvertebrates  found  in  the  Tongue  River, 
shown  in  Table  7,  is  very  complex  and  is  not  easily  explained.  The  fauna 
is  similar  to  the  Yellowstone  fauna  in  many  ways,  but  there  are  several 
differences.  The  stonefly  Acromicria  dbnormis,   the  el  mid  beetle  Stenelmis 
sp.  and  the  mussel  Lampsilis   sp.  are  very  abundant  in  the  Tongue  but  are 
rare  in  the  Yellowstone  River.  Odonates  are  more  abundant  and  diverse  in 
the  Tongue  River. 


| 


Figure  21.  Photo  of  an  adult  mayfly,  Tricorythodes  minutus. 
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Table     5. 


TRICHOPTERA    OF    THE   YELLOWSTONE    RIVER. 


-STATIONS- 


Ilossosoma  traviatum 


Che umato psyche  pettiti 
Amiocentrus  aspilus 
Hesperophylax  incisus 
Lepidostoma  pluvial is 
Rhyacophila  "bif ila 
Che umato psyche  campyla 
Limnephilidae 
Athripsodes  sp. 
Psychomyia  flavida 
Helicopsyche  borealis 
Arctopsyche  inermis 
Lepidostoma  veleda 
Brachycentrus  occidental 
Hydro psyche  cockerelli 
Ap;raylea  multipunctata 
Che umato psyche  anal  is 
Lepidostoma.  n .  s p . 
Potomyia  flavida 
Triaenodes  frontalis 
Brachycentrus  americanus 
Hydropsyche  oslari 
Poly cent ro pus  cine re us 
Ochrotrichia  potomas 
Glossosoma  velona 
Hydropsyche  occidentalis 
Hydroptila  sp. 
Oecetis  avara 
.  Oecetis  dis  ,juncta 
Che umato psyche  enonis 
Neotrichia  sp. 
Limnephilus  taloga 
Leptoce] la  s p . 
Hydropsyche  corbeti 
Hydropsyche  separata 
Che umato psyche  lasia 
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Table  6. 


AQUATIC  INVERTEBRATES  OF  THE  YELLOWSTONE  RIVER 


-STATIONS- 


DIPTERA 

Ceraiopo/'onidae 
Oolichopodidae 
Agathon  sp. 
Hemerodromia 


Trot  any  Ue.rus  s 
Atherix  sp. 
Simulium  sp. 
Dicranota  sp. 
Hexatoma  sp. 
Holorusia  sp. 
Tipula  sp. 
Limnophora  s p . 
Chironomidae 


sp. 

sp, 


ISOPODA 
Asellus 


;p, 


LEPIDOPTERA 

Ca.tac.1  ysta   sp . 

HEMIPTERA 

Hha^ovelia  s p . 
Ambry sis  sp. 
Call icorixa  sp. 
Cenocorixa  sp. 
Trichocorixa  sp. 
S_igara  s  p, 
P err is  s p . 
Ranatra  s p . 

C  OLE  0  PIER  A 

Oreodytes  sp. 
Gyrinus  sp. 
Dubiraphia  sp. 
Microcylloepus  sp 
Opt iose rvus  sp. 
Stenelmis  sp. 
Zaitzevia  sp. 
Helichus  sp. 
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Tabic  6. 


AQUATIC  INVERTEBRATES  OF  THE  YELLOWSTONE  RIVER 


C^ 


ODONATA 

iomphus 


,p, 


Ophio iomphus    sp. 
Amphiaff7;rion   sp. 
Libellulidae 

AM PHI ROD A 

fammarus  sp . 
Hyalella  sp. 

ACARI 

Hydracarina 

MOLLUSCA 

Ferrissia  sp. 
Gyraulus  sp. 
Lamps il is  sp. 
Lymnaea  sp. 
Fhysa  sp. 

TURB ELL ARIA 
Phagocata  sp. 

OLIGOCHAETA 
Nais  sp. 
Ophidonais  sp. 


-STATIONS- 
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Table  7.     Macroinvertebrate  fauna  of  the  Tongue  River,  Montana. 


Station  No. 


8  7 


Taxa 


Ephemeroptera 
Bar:  bis  spp. 
Ban  tinea  Sp. 
Br achy  ear ous  sp. 
Chora tcrpes   s  p . 
Vac  by lobaetis  sp. 
Ephemerella  sp. 
Ilapbagenia  sp. 
Lopbophlebia  sp. 
lihibhrogena  sp. 
Stenonema  sp. 
Travevclla  sp. 
Triaorythodes  S  p . 


+J 

o 

-o 

-a 

CD 

s_ 

>> 

c 

<•> 

o 

0) 

!u 

<-;- 

£= 

'. 

S 

to 

i- 

J= 

fO 

o 

*» — 

</> 

Q 

zn 

CQ 

< 

X 
X 
X 

x 

X 
X 


x 

X 
X 
X 

X 
X 


to 


X 
X 


X 

X 


X 
X 
X 
X 

X 
X 

x 
x 


■+J 

+J 

-C 

=3 

CO 

o 

o 

S_ 

GJ 

o 

i/ 

X 
X 

x 
x 

x 

X 


Trichoptera 

Brachyoentrus   sp. 
Che uma topsyahe  S  p . 
GlosBosoma  sp. 

Hydropsy ahe  sp. 
Hydroptila   sp. 
Mystaaides   sp. 
Oeoetis  sp. 

Plecoptera 

Acronewia  sp. 
Braahypbera  sp. 
Isogenus   sp. 

Coleoptera 

Didjiraphia  sp. 

A/i evocy  t  loepus   S p . 

Stenalmis  sp. 

Mol lusca 

Forrinsia  sp. 
(lyraulus   sp. 
Lymnaea  sp. 
Lamp.", Hi s  sp. 
Physa  sp. 
Pisidiim  sp. 
:'piuirvi inn  sp. 


X 
X 

X 
X 


X 
X 
X 
X 


X 
X 
X 


X 
X 

X 

X 

X 
X 


X 
X 

X 
X 
X 
X 
X 


X 

X 
X 


X 
X 


X 
X 


x 
X 
X  X 


X 

x 


X 

x 


x 

X 


X 

X 


X 

)( 

X 


X 

X 

X 
X 


X 
X 

X 
X 

X 
X 


X  X 

X  X 

X  X 
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Table  7  continued.     Macroinvertebrate  fauna  of  the  Tongue  River,  Montana. 


Station  No. 


Taxa 

o 

O) 
CO 

E 
Q 

T3 

s- 
o 
<+- 
in 

o 

>) 

V 
E. 

•r— 
CD 

01 

< 

I — 
TO 

•r* 

5* 

X 

in 

u 

5- 

o 

c 
tt) 

Odonata 

Avgi-a   sp. 

X 

X 

Caloplevyx  sp. 

X 

X 

X 

EnaVlacgma  sp. 

Isc.hnura  sp. 

X 

Gomphus   sp. 

X 

Ophiogomphus  S  p . 

X 

X 

X 

X 

X 

X 

Lepidoptera 

diiitii'lijniu  sp. 

X 

X 

X 

X 

Turbellaria 

Dugesna  sp. 

X 

X 

X 

X 

X 

X 

Hemiptera 

Corixidae 

X 

X 

X 

X 

X 

Hhagovelia  sp. 

X 

Diptera 

Chironomidae 

X 

X 

X 

X 

X 

X 

X 

X 

Canliooladius  sp. 

X 

X 

Uicxmcaa  sp. 

X 

X 

Rukiej'feriella  sp. 

X 

X 

Ovbhocladius  sp. 

X 

X 

Rhcotany tarsus  sp. 
Simuliidae 

X 

Simulium  sp. 

X 

X 

X 

X 

X 

X 

X 

Tipulidae 

Hexatoma  sp. 

X 

X 

X 

X 

X 

Oligochaeta 

X 

X 
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Am o lotus 

Rhi thro^ona  undulata 


Ca.oni.s_  latiponnis 
•  ■'tenonoma   terminatum 
Heptag^nia  i^l§^a^_tu_la. 
Eph< 'morn  11a   inermis 
Dactylohaeti;.:    cepheus 
\}a< 'jtis    tri cauda  t us 
Tjtew  ; '  rj  '11  a   alb  er  tan  a 
Tr ico r_y_th odes  rninutus 
Ephoron  album 
li.%! Jtiil  air:  xand eri 
Lachlania  powolli 


A 


0 


N 


M  J  J  A  S 

GAM  PL  IN'"    MONTHS 

'tyij   ''22     .    Emergence    and    flight   patterns    of  mayflies    from 
.hr    Yellowstone    River,    19?i(-76. 
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C;i  pn  i  m    i  irnata 

B  rqr.-hy  ptora  ip-KsJLti 

Br achy  pte r a  £.aci_fica 

Isogcnus   colubrinusj 
Jj^-Oiil1!1^  elongatus 
Alloperla  signajba 
Is  o  per  la  longic-,-'  ta 
Isogenus   tost  onus; 
Isoperla   Patricia 
I;'  tnronarcya    calif  ornica 
Ptoronarcella  badia 
Isoperla  ^ormona. 
AllJlBirla   pallidula 
Claassenia  sabulosa 


A  M  J  J 

SAMPLING   MONTHS 


A 


PU'njn!  23  .  gmnr'<cncf.'  and  .flight  patterns  of  stoneflies  from 
i,h<-  Ynllowstonp  River,  1 974-76. 
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Insect  Emergence 

Emergence  times  were  determined  for  only  13  species  of  mayflies 
(Figure  22).  Generally  these  species  are  common  in  the  lower  reaches  of 
the  Yellowstone  River.  Most  mayfly  adults  live  from  a  few  days  to  a  few 
hours  and  most  emerge  at  dawn  or  dusk  and  a  considerable  amount  of  time 
is  necessary  to  accumulate  a  thorough  collection  of  the  majority  of 
species.  Emergence  of  mayfly  adults  in  the  lower  river  is  concentrated 
in  the  June- September  period.  Adult  Ephoron  album   emerged  very  late  in 
the  summer.  Their  emergence  was  so  late  in  the  year  that  many  adults 
were  influenced  by  cold  morning  temperatures  and  many  were  observed 
fluttering  on  the  beaches  unable  to  fly.  One  of  the  largest  mayfly 
emergences  ever  observed  by  the  author  was  witnessed  in  late  August  1974. 
It  was  first  observed  at  Huntley  (Station  11)  where  thousands  of  adult 
Traverella  albertana   (Figure  17)  were  emerging.  The  adults  were  so  thick 
on  the  water  surface  that  carp  were  surface  feeding  on  the  adults.  It  was 
a  wet  day  and  the  adults  hovered  over  the  wet  highway  from  Huntley  to 
Miles  City  and  the  emergence  probably  involved  hundreds  of  thousands  of 
insects.  The  emergence  of  Tvicorythodes  minutus   (Figure  21)  and  Ephoron 
album   also  involved  large  numbers  of  individuals  and  was  very  conspicuous. 

The  emergence  of  adult  stoneflies  occurs  over  a  longer  time  span 
than  does  that  of  mayflies.  Emergence  of  stoneflies  occured  from  March- 
August  (Figure  23).  Three  species,  Capnia  limata,  Brachyptera  fosketti 
and  B.  pacifica  emerged  when  the  river  was  still  covered  with  ice.  Stone- 
flies are  not  as  abundant  as  mayflies,  spend  less  time  in  flight  and 
are  therefore  less  conspicuous  when  emerging.  The  most  spectacular  stonefly 
emergence  is  that  of  Pteronarcys  calif omica*   the  giant  stonefly  or  the 
"salmonfly"  of  fly  fishermen.  This  species  is  confined  to  the  upper  river 
where  adult  insect  sampling  was  less  intense.  A  small  yellow  stonefly, 
Isoperia  longiseta   (Figure  24)  emerges  in  large  numbers  in  the  lower  river. 


Figure  24.  Photo  of  an  adult  stonefly  Isoperia  longiseta. 
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Figure  25.  Photo  of  the  larvae  of  the  caddisfly  Hydropsyehe. 


L^ . 


Figure  26.   Photo  of  an  adult  of  the  genus  Hydropsyehe. 
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The  emergence  patterns  of  caddisflies  is  presented  in  Figure  27. 
Emergence  and  flight  times   ranged  from  May-September.      Caddisflies  and 
stoneflies  can  live  for  several  weeks  as  adults;  therefore  the  presence 
of  an  adult  does  not  necessarily  signify  recent  emergence.     In  most 
cases  larval   caddisflies  can  be  identified  only  to  genus;  adult  males 
are  necessary  for  species   identification.     The  number  of  species  presented 
in  Figure  27  is  much  larger  than  either  the  mayfly  or  stonefly  lists 
because  the  fauna  is   \iery  rich  and  because  adult  caddisflies  are  readily 
attracted  to  collecting  lights  and  are  easily  collected. 

The  family  Hydropsychidae  dominates  the  caddisfly  fauna  of  the 
Yellowstone  River.     Representatives  of  this  family  are  all   net  spinners 
and  include   the  genera  Cheumatopsyche,  Hydropsyche  and  Arc  top syche ,  and 
total    13  species   (Figures  25  and  26).      One  species  Hydropsyche  corbeti 
was  not  known  from  the  United  States   until   collected  in  the  Yellowstone 
River. 


Bottom  Fauna  Standing  Crop 

Bottom  samples   taken  during  the  fall  of  1974  were  designed  to  survey 
the  bottom  fauna  and  to  test  equipment.     The  data  are,  therefore,     semi- 
quantitative and  very  difficult  to  compare  with  later  sampling.     Results 
of  bottom  sampling  during  1974  are  presented  in  Appendix  C. 

Quantitative  bottom  fauna  sampling  began  in  the  summer  of  1975.     No 
sampling  is  possible  in  the  lower  river  during  the  winter  because  of  ice 
cover  and  shortly  after  the  ice  is  removed,  spring  runoff  begins  and 
bottom  samples  from  this  period  would  be  of  little  value.     The  data 
gathered  by  Schwehr  (1976)  were  added  here  to  compare  the  density  of 
invertebrates  of  the  mid-river  (Stations  5-11)   to  that  of  the  lower  river 
(Stations   12-20).      Field  data  from  these  samples  are  presented  in  Appendix  D. 

In  August  standing  crop  estimates  ranged  from  about  2000  m-2  at 
Station  5  to  about  50  m-2  at  Station  9  (Figure  28).     Station  19  exhibited 
the  lowest  mean  of  250  m~2.     Generally  there  was  a  gradual   decrease  in  mean 
standing  crop  in  a  downstream  direction. 

September  standing  crop  estimates  exhibited  a  greater  range,   from 
8500  (Station  5)   to  20  m-2  at  Station  19.     Estimates  from  the  lower  river 
were  much   lower  than   from  upper  river  stations   (Figure  29). 

In  October  less   variation   in   range  was  observed  (Figure  30).      The 
maximum  standing  crop  estimate  was   4000  m~2   (Station   11)   and  the  low  was 
250  m-2  at  Station  18.     The  trend  again  was  a  gradual   decrease  in  the 
density  of  organisms  as  one  moves  downstream. 

In  the  November  samples  data  from  Stations   1   and  3  were  available 
(Figure  31).     Standing  crop  estimates  at  Stations   1   and  3  were  very  similar 
and  much  higher  than  for  the  remaining  sampling  stations   (range  4500- 
12,000  nr2).     The  trend  along  a  longitudinal    gradient  was  a  decrease  in 
standing  crop  downstream. 
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Agrjaxlii?--  mul t ipunc tata 
Poly centr opus  cine re us 
Potomyia  flavida 
Hydro  psyche  cocke  re  Hi 
Glossosoma  velona 


Brachy centrum  occidentalis 

Cheumatopsyche  lasia 

Hydropsy che  corbeti 

Limnephilus  taloga 

ArjrtojDSjxhe  grand  is 

Hydropsy che  occidental is 
Cheumatopsyche  campy la 
Psychomyia  flavida 
Rhyacophila  b if 11 a 
Oecetis  a vara 
Hydropsyche  oslari 
Cheumatopsyche  enonis 
Hydroptila  waubesiana 
Lo pi do stoma  pluvial is 
Br  achy  centr  us  a.mericanus 
Cheumatopsyche  anal is 
Glossosoma  trav latum 
Lepidostoma  veleda 
Triaenodes  frontalis 


Hesjoero phy  1  a x  incisi 
Hydropsyche  separat; 
Ochrotrichia  potomaj 
Oecetis  dis.juncta 
Micrasema  aspilus 
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Figure  27  .  Emergence  and.  flight  pattern 
the  Yellowstone  River,  197^-76. 
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Figure  28  .  Population  estimates,  August  1975, 

mean  and  range  of  six  Water's  samples 
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Fig.  29  Population  estimates  for  September  1975 
mean  and  range  of  six  Water's  samples. 
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Figure    31     .    Population   estimates    for   November   1975, 
mean   and    range    of    six   Water's    samples. 
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The  percent  composition  of  all   invertebrate  orders  collected  in  1975 
are  presented  in  Tables  8-11.     The  mean  percent  composition  of  each  order 
is  found  in  Table  12.     Mayflies  dominate  the  fauna  in  August  and  Trichoptera 
begin  to  dominate  in  September  and  October  while  the  Diptera  became  dominant 
in  November.     Plecoptera  are  a  minor  portion  of  the  fauna  as  are  remaining 
fauna.      Figure  32  graphically  illustrates  the  longitudinal   changes  in 
percent  composition  of  invertebrate  orders. 

Species  Diversity 

Species  diversity  indices  were  calculated  from  Water's  samples  taken 
during  August-November  1975.     The  rationale  behind  species  diversity 
indices  was  the  desire  to  begin  a  monitoring  study  of  the  Yellowstone  River. 
Mathematical   indices  are  one  way  of  condensing  long  species  lists  to  a  single 
mathematical   value  that  can  be  compared  and  contrasted  with  other  stations 
and  other  time  periods.      Four  different  diversity  indices  are  graphed  and 
presented  in  Figures   33-36  (Appendix  E-F). 

The  Shannon  index  (TJ)   appears  to  be  the  most  sensitive  to  community 
changes  and  these  data  are  presented  in  Figure  37.     The  Miles   City  and 
Sidney  stations  exhibited  the  greatest  season  change.     The  Glendive  and 
Intake  stations  were  extremely  constant  and  very  similar  (Tables  13-16). 

Species  diversity  calculations  showed  that  the  Shannon  index  for  all 
stations  was  near  or  below  3.0  for  most  stations.     Generally  an  index  above 
3.0  illustrates  a  healthy,   unstressed  community,  while  an  index  below 
1.0  is   indicative  of  a  monospecific  community  under  stress.     The  index  range 
of  1.0-3.0  seems  to  illustrate  a  community  under  some  stress.     Stresses 
upon   certain  Yellowstone  communities  might  be  due  to  large  amounts  of  inorganic 
sediments  and  non-diverse,   uniform  substrate  types  of  the  riverbottom  in 
some  areas. 

CURRENT  AND  DEPTH   REQUIREMENTS   FOR  INVERTEBRATES 

Data  from  the  current-depth  studies  at  Glendive  and  Intake  are  summarized 
in  Table  17.      In  general,  current  and  depth  means  are  similar  for  both  stations 
and  all   sampling  times.     Taxa  and  number  of  individuals  varied  greatly,  how- 
ever.    At  Glendive  the  mean  number  of  taxa  increased  from  3.9  in  August  to 
9.0  in  November;   a  similar  trend  was  evident  in  the  Intake  samples.     The 
mean  number  of  individuals   increased  from  9.1   to  149  at  Glendive  and  from 
37.9  to  65.8  at  Intake.      More  taxa  and  more  individuals  were  captured  in 
the  October  and  November  samples  at  both  stations  than  during  August  and 
September.     December  samples  would  have  been  valuable,  but  were  unavailable 
because  the  lower  river  froze  on  November  30,   1975. 

Population  estimates   from  24  samples  at  each  station  expressed  in 
numbers  per  m2  are  shown  in  Tables   18-21.      In  August  (Table  18)   the  fauna 
was  dominated  by  Tvaverella  and  Hydropsy che.     There  was  a  large  difference 
in  the  total   number  of  individuals   collected  at  Glendive  (1222)   and  Intake 
(5199). 
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Table  8.      Percent  composition  of  benthos   from  the  Yellowstone  River  using 
Water's   samplers   for  the  month  of  August  1975. 

Station 
Order 

Ephemeroptera 

Plecoptera 

Trichoptera 

Diptera 

Coleoptera 

Odonata  0.5 

Oligochaeta  0.6 


Table  9.     Percent  composition  of  benthos  from  the  Yellowstone  River  using 
Water's  samplers   for  the  month  of  September  1975. 


5 

7 

9 

11 

]5_ 

17 

18         19 

24.4 

40.1 

67.4 

84.7 

52.3 

49.7 

68.8     75.2 

6.7 

25.7 

17.4 

0.8 

2.8 

0.6 

4.3 

22.4 

5.8 

8.6 

31.9 

48.7 

30.1      19.7 

63.2 

11.8 

9.5 

5.6 

9.9 

1.6 

5.1 

1.4 

3.1 

Order 


Station 


5 

7 

9 

11 

15 

17 

18 

19 

18.2 

71.1 

50.4 

50.7 

37.4 

30.1 

37.8 

28.8 

3.1 

5.0 

1.7 

0.1 

0.2 

2.0 

21.2 

1.7 

0.9 

18.7 

48.1 

52.1 

57.1 

46.6 

56.5 

21.8 

47.0 

30,3 

14.2 

14.6 

3.0 

19.2 

0.9 

0.2 

0.1 

0.04 

0.04 

Ephemeroptera 

Plecoptera 

Trichoptera 

Diptera 

Coleoptera 

Henri  ptera 

Turbellaria 

Odonata  1.4 

Oligochaeta  3.2       4.1 

Acari  0.1 


Table  10.      Percent  composition  of  benthos   from  the  Yellowstone  River  using 
Water's  samplers  for  the  month  of  October  1975. 


Station 


Order 5 7 9 TT  T5_  ]7 18  19 

Ephemeroptera  8.3  35.6  50.8  26.1  35.0  19.8  22.9  21.8 

Plecoptera  7.8  13.4   2.9  0.2  0.2 

Trichoptera  12.2  12.0  14.1  29.9  39.7  47.4  17.9  44.8 

Diptera  71.2  38.7  32.0  44.0  23.3  12.9  29.3  27.0 

Coleoptera  '0.1  0.2  0.1  0.2  0.5 

Odonata  0.2 

Oligochaeta                                                                                         1.6  19.8  29.7  6.0 

Acari  0.3  0.1       0.2 
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Table  11.      Percent  composition  of  benthos 

from 

the 

Ye 

Hows  tone  Ri 

ver  usina 

Water 

s  samplers  for  the 

month 

of  November 

1975. 

Station 

Order 

1            3 

5 

7 

9 

11 

15 

17 

18 

19 

Ephemeroptera 

14.5     25.4 

33.4 

22.9 

24.8 

12.7 

7.4 

19.6 

4.3 

Plecoptera 

1.4       1.6 

8.3 

13.8 

4.8 

1.7 

0.4 

4.5 

1.0 

Trichoptera 

62.3     43.5 

26.3 

20.3 

16.5 

24.7 

24.5 

29.4 

10.8 

Diptera 

21.1      29.4 

29.6 

40.6 

53.8 

54.2 

48.4 

35.9 

75.4 

Coieoptera 

0.1 

0.7 

2.4 

0.3 

0.4 

01  icjochaeta 

0.1       0.1 

0.8 

6.2 

19.7 

10.6 

8.6 

Acari 

0.5 

0.1 

w 


Table  12.      Percent  composition  of  benthos  from  the  Yellowstone  River  using 
Water's  samples,  mean  percentages  for  August-November  1975. 


Order 

Station 

1 
14.5 

3 
25.4 

5 

21.1 

7 

42.4 

9 
48.4 

11 

15 
34.4 

17 
26.8 

18 
37.3 

19 

Ephemeroptera 

53.8 

32.5 

Plecoptera 

1.4 

1.6 

6 

5 

14.5 

6.7 

0.4 

1.2 

0.1 

1.8 

0.3 

Trichoptera 

62.3 

43.5 

16 

0 

14.1 

9.3 

19.1 

36.1 

43.2 

33.6 

30.5 

Diptera 

21.1 

29.4 

55 

1 

28.2 

35.6 

26.6 

25.4 

19.4 

17.1 

31.7 

Coieoptera 

0.1 

0 

8 

0.7 

0.1 

1.0 

Hemiptera 

0 

01 

Turbel laria 

0 

01 

Odonata 

0.1 

<0.1 

0.4 

01  icjochaeta 

0.1 

0.1 

2.0 

10.7 

10.2 

3.7 

Acari 

0.5 

0.1 

Table  13. 


Species  diversity,   range  of  six  Water's  samples  and  results  of 
pooling  all   samples,  August  1975. 


Sta 

tion 

5 

2.79 
1.24 
2.22 

7 

3.11 
1.66 
3.43 

9              1 
2.95       3 
2.19       2 
3.25       3 

1 

.17 
.58 
.08 

15            1 
3.22       2 
2.16  ,    1 
3.19       2 

7 
.70 

.51 
.15 

18           1 

9 

Max 
D             Min 

Pooled 

2.27       2 
1.59       1 
2.12       2 

.43 
.69 
.49 

Max 
Redundancy     Min 

Pooled 

.72 
.27 
.49 
.78 
.18 
.53 
.52 
.18 
.24 

.22 
.00 

.08 

.94 
.02 
.28 

.36 

01 
26 

.50 
.24  . 
.32 

.65 
23 
44 

.52 
.33 
.45 

.49 

14 
30 

Max 
Evenness         Min 

Pooled 

.96 
.83 
.88 
.72 
.52 
.47 

1.00 
.12 
.75 

92 
70 
74 

.89 
.65 
.73 

90 
62 
62 

.81 
.68 

.61 

95 
76 
75 

Max 
Equitability  Min 
Pooled 

1.00 

.45 
.43 

65 
36 
36 

.68 
.31 
.38 

60 
27 
29 

.50 
.29 
.28 

60 
39 
35 
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Table  14.     Species  diversity,   range  of  six  Water's  samples  and  results  of 
pooling  all    samples,   September  1975. 


Station 

Index 

D 

5 

Max 

Min 

Pooled 

7 

9 

11 

15 

2.50 
1.84 
2.49 

17 

1.86 
1.38 
2.14 

1.85 
0.83 
2.09 

19 

2.43 
1.69 
2.49 

Redundancy 

Max 

Min 

Pooled 

.55 
.33 

.39 

.59 
.25 
.43 

1.00 
.43 
.48 

.49 
.14 
.30 

Evenness 

Max 

Min 

Pooled 

.72 
.55 

.62 

.87 
.61 

.62 

.95 
.53 
.63 

.95 
.76 
.75 

Equitabili 

Max 

ty   Min 

Pooled 

.33 
.26 
.25 

.49 
.30 
.27 

.58 
.20 
.32 

.60 
.39 
.35 

Table  15.     Species  diversity,   range  of  six  Water's  samples  and  results  of 
pooling  all   samples,   October  1975. 


Station 

Index 

5 

7 

9 

11 

15 

17 

18 

19 

Max 

2.50 

1.86 

1.85 

2 

.33 

D 

Min 

1.84 

1.38 

0.83 

0 

.99 

Pooled 

2.41 

2.14 

2.09 

2 

.42 

Max 

.55 

.59 

1.00 

1, 

.00 

Redundancy 

Min 

.33 

.25 

0.43 

.38 

Pooled 

.39 

.43 

0.48 

0 

.00 

Max 

.72 

.87 

.95 

1, 

.00 

Evenness 

Min 

.55 

.61 

.53 

,62 

Pooled 

.62 

.62 

.63 

.73 

Max 

.33 

.49 

.75 

1 

.00 

Equitabili 

ty   Mi  n 

.26 

.30 

.20 

.31 

Pooled 

.25 

.29 

.32 

• 

.39 

Table  16.     Species  diversity,   range  of  six  Water's  samples  and  results  of 
pooling  all   samples,  November  1975. 


Station 

Index 

1 

3            5 

7           9 

Max 

2.88 

2.82 

D 

Min 

2.01 

2.18 

Pooled 

2.64 

2.81 

11 


15 


17 


18 


19 


1.96  2.45  2.24  1.97 
1.41  0.84  1.06  0.24 
2.00     2.11     2.46     1.30 


Max 

.53 

.44 

.64 

.82 

1.00 

.91 

Redundancy 

Min 

.31 

.32 

.26 

.33 

.36 

.32 

Pooled 

.43 

.39 

.50 

.51 

.33 

.56 

Max 

.72 

.70 

.80 

.74 

.75 

.76 

Evenness 

Min 

.49 

.59 

.54 

.32 

.61 

.15 

Pooled 

.58 

.62 

.54 

.53 

.71 

.46 

Max 

.32 

.31 

.35 

.36 

.39 

.36 

Equitabil i 

ty       Min 

.28 

.25 

.29 

.13 

.28 

.03 

Pooled 

.23 

.25 

.23 

.23 

.33 

.14 

Table  17.  Mean  and  standard  deviation  for  four  variables  measured  in  the 
invertebrate/current  investigation  in  the  Yellowstone  River  at 
Glendive,  1975. 


Depth 

Current 

Date 

(ft.) 

(f/s.) 

Taxa 

Indiv. 

August  7 

Mean 

1.8 

1.202 

3.9 

9.1 

S.    Dev. 

0.9 

0.575 

1.6 

8.2 

September  17 

1.2 

0.744 

6.5 

21.7 

0.9 

0.613 

2.4 

11.1 

October  9 

1.4 

0.786 

10.9 

126.9 

1.0 

0.570 

2.2 

86.6 

November  7 

1.6 

1.029 

9.0 

149.0 

0.9 

0.678 

3.8 

133.9 

Data   taken  at 

Yellowstone 

River,   Intake 

August  6 

1.3 

1.653 

4.8 

37.9 

0.6 

0.782 

1.8 

32.4 

September  9 

1.4 

0.970 

6.0 

28.9 

1.0 

0.623 

1.7 

12.2 

October  15 

0.8 

1.124 

8.5 

84.0 

0.6 

1.031 

2.9 

53.1 

November  11 

1.6 

1.477 

7.0 

65.8 

0.9 

0.921 

3.2 

44.8 

l,J«fr 
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Table  18.      Population  estimates   from  the  invertebrate-current  samples,  24 
samples  from  each  station  taken  on  August  6  and  7,   1975 
(no./m2) . 


Taxa 


Bar.  t  if,  a  I examleri 
Baa  tits  parvus 
B raclvj r.ercus  s  p . 
Chovo herpes  sp. 
Dactylobaetis  sp. 
Ephemerella  sp. 
llcplagcnia  sp. 
Isomjehia  sp. 
Rhibhrogena  sp. 
1'raveralla  sp. 
Tr ic<  </'// Lhodes  rninutus 


I!ij<ir'ofK)ijc>he  spp. 
Leptoaella  sp. 

bfay 
28 

Tsojierta  sp. 

6 

Chironomidae 
Simuliidae 

119 
11 

Dytiscidae 

0 

Oligochaeta 

6 

Totals 
Means 

1222 
51 

Gl endive 

Intake 

17 

6 

3d 

74 

80 

17 

0 

11 

n 

n 

6 

0 

57 

28 

n 

40 

n 

210 

193 

3111 

63 

734 

569 

751 

28 

6 

46 

114 
23 

5 

n 

5199 
217 
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Table  19.     Population  estimates  from  the  invertebrate-current  samples, 
24  pooled  samples   taken  September  9,  1975  (no./m2). 


Taxa 


Ban t  i :j  a  Icxandevi 
Baniir,   parvus 
Braehyccvoui)   S  p . 
Oannir,    sp. 
Chovolavpeo  sp. 
Dae  by  lohaetis  sp. 
Epherncrelta  sp. 
Ephoron  sp. 
He.pbagcrrLa  sp. 
Jaonychia  sp. 
Ametropia;   sp. 
Travc.rclla  sp. 
Tricorijthodes  minutus 
Triconjihodes  sp. 
S benoncma  sp. 

Chcurnatopsyohe  sp. 
Hydropoyche  s  p . 
heptoaeVla  sp. 

Aoroncuria  sp. 
I  r,  op  aria  sp. 

Miar'oaylleopus  sp. 

//ana  /;ra  s  p . 

Ceratopogonidae 
Chironomidae 
Simul  iidae 


Oligochaeta 


Totals 
Mean 


Gl  endive 

Intake 

28 

102 

28 

108 

34 

17 

6 

0 

23 

57 

28 

97 

0 

0 

28 

17 

131 

14 

0 

6 

0 

6 

74 

682 

279 

347 

0 

57 

0 

5 

63 

23 

779 

1763 

0 

6 

0 

6 

6 

6 

6 

0 

6 

0 

6 

0 

1314 

239 

6 

51 

119 

28 

2964 

3638 

124 

152 
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Table  20.      Population  estimates   from  the  invertebrate-current  samples,  24 
pooled  samples  taken  on  October  9  and  15,  1975   (no./m2). 


Taxa 

61  endive 

Intake 

Ban  /./'.';  ateoxxncLevi 

1772 

1490 

Baaiiis  parvus 

142 

182 

Brachycan'cus   S  p . 

28 

11 

Caenie  sp. 

0 

6 

Con  trap  ti  hm  S  p . 

11 

0 

Chora levpes   S  p . 

46 

11 

Daatytobaetis  sp. 

791 

301 

Ephamcvetla  sp. 

0 

6 

llapliKjenia   sp. 

1879 

943 

Is  onychia  sp. 

0 

6 

h'h  i  t  hrog  ona  S  p . 

0 

742 

Stenonana  sp. 

6 

0 

Traverella  sp. 

165 

642 

Tt'tin >ytj b'hodea  minuLua 

267 

91 

Triaorythodes   sp. 

n 

0 

Unknown 

6 

0 

GamrriaruG  sp. 

6 

6 

Hya  le  I  la  s  p . 

0 

6 

Brachy cen tous  S  p . 

11 

0 

Cheumatopsyohe  sp. 

199 

51 

Hydropsyche  sp. 

9845 

4448 

HydropHla  sp. 

0 

6 

Qecakis  sp. 

11 

0 

Gomphidae 

17 

0 

Isoganus  sp. 

6 

80 

leopei'la  sp. 

6 

23 

Corixidae 

23 

0 

Dolochopodidae 

0 

5 

Empididae 

11 

0 

Chironomidae 

1973 

2314 

Simuliidae 

11 

154 

Stnnclmis  sp. 

6 

0 

Forvissia  sp. 

23 

0 

Lyrmiaca  sp. 

6 

0 

Oligochaeta 

2776 

1104 

Totals 

20,037 

12,640 

Mean 

835 

527 

w 
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Table  21.     Population  estimates  from  the  invertebrate-current  samples,  24 
pooled  samples   taken  on  November  7  and  11,   1975  (no./m^). 


■ 


Taxa 


Bete  Lis  alexanderi 
13 a  a  t  i  s  parvu  s 
Br achy  oeraus  s  p . 
Caenin  sp. 
Dae  by  I oba ctir,   s  p . 
Ephomcve'lla  sp. 
Ueptagania.  sp. 
Leptophlebia  sp. 
Rhi  tlirogena  S  p . 
Stenonanta  sp. 
Tvav&pella  sp. 
Trir.oy'u  thodes  minu tut 
Tri  ao  Y'lj  t  hode  s  s  p . 

Chemiakopsyohe  sp. 
Ilydropsyehe  sp. 

Hy alalia  sp. 

Brae hyp teva   S  p . 
I  cog  emus   sp. 

Corixidae 


Gl endive 

Intake 

751 

392 

17 

85 

5 

0 

11 

0 

63 

40 

63 

0 

956 

427 

6 

6 

80 

330 

11 

0 

51 

11 

97 

34 

6 

6 

927 

114 

10608 

4846 

256 
6 

46 


0 

239 
142 

0 


Chironomidae 
Empididae 
Ceratopogonidae 
Simuliidae 


1905 
6 

0 
0 


1758 
0 

6 

6 


Dytiscidae 


n 


Ferrissia  sp. 
Lyrnnaaa  sp. 


17 

11 


11 
0 


Oligochaeta 


Totals 
Mean 


4374 

20,245 
844 


529 


8988 
375 
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STATIONS 

i''i:f;uro   32     .    percent   composition   of   invertebrate   orders 
from   Water's    samplers,    mean    of    samples    taken   Aug. -Nov. 
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Figure  33     .    Species   diversity    indices   for  August   1975 
range    of   six  Water's    samples    and   all   six   pooled. 
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Figure    34     .    Species    diversity    indices    for  September    1975 
range    of   six  Water's    samples   and   all   six   pooled. 
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Figure    35     .    Species    diversity    indices    for   October   1975 
range    of   six  Water's    samples    and   all    six   pooled. 
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Figure    36     .    Species    diversity   indices   for  November  1975, 
range    of   six  Water's   samples    and   all   six  pooled. 


+ 


19 


-61- 


3  •  o 


2.0 


IP 


.0 


- — ^l  Intake  (18) 


Glendive  (17) 
iles  City  (15) 


Aug 


Sept . 


Oct. 


Nov 


Sampling   Periods 


Sidney  (19) 


Figure  37  .  Seasonal  changes  in  Shannon  diversity  indices, 
all  points  are  the  result  of  pooling  six  Water's  samples 
each  month  at  each  station  during  1975. 
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In  September  (Table  19)  Hydropsyche   again  were  very   abundant  as  were 
Chironomidae.  Totals  were  comparable  for  Glendive  (2964)  and  Intake  (3638) 

Hydropsyche   and  Chironomidae  again  dominated  in  the  October  samples 
(Table  20).  Number  of  taxa  and  total  number  of  individuals  greatly  in- 
creased at  both  stations. 

November  samples  again  found  Hydropsyche   and  Chironomidae  dominant 
(Table  21).  Totals  were  again  high  at  Glendive  (20,245)  but  were  con- 
siderably reduced  at  Intake  (8988). 


All  48  samples  taken  each  mon 
dominate  the  fauna  (Table  22).  Th 
and  Trichoptera  with  Diptera  a  clo 
centages  ranged  from  11.7  to  73.6 
from  21.1  to  56.3  percent  of  total 
November  samples  contained  more  in 
samples.  This  is  probably  due  to 
in  August  and  September  of  very  sn 
passed  through  the  collecting  net. 
138  m2  (August)  to  681  m2  (October 
station  is  available  in  Table  23). 


th  were  pooled  to  illustrate  which  orders 
e  fauna  was  dominated  by  Ephemeroptera 
se  third.  Ephemeroptera  monthly  per- 
percent  while  Trichoptera  totals  varied 

It  is  obvious  that  the  October  and 
formation  than  the  August-September 
summer  emergence  losses  and  presence 
all  larvae  and  nymphs,  most  of  which 

Mean  population  estimates  varied  from 
).  Percent  composition  of  orders  at  each 


Table  22.  Population  estimates  and  percent  composition  taken  from  the 

invertebrate-current  samples.  Numbers  are  expressed  in  no./m^ 
and  the  values  in  parentheses  are  percent  of  monthly  pooled 
totals  from  the  Glendive  and  Intake  samples. 


;W 


Orders 

August 

September 

October 

November 

Mean 

EPHEMEROPTERA 

2175 
(32.9) 

4725 
(73.6) 

9555 
(29.2) 

3449 
(11.7) 

(36.9) 

TRICHOPTERA 

2634 
(39.9) 

1354 
(21.1) 

14,571 
(44.6) 

16,495 
(56.3) 

(40.5) 

PLECOPTERA 

18 
(0.3) 

52 
(0.3) 

115 
(0.4) 

643 
(2.2) 

(0.8) 

DIPTERA 

1616 

(24.5) 

267 

(4.2) 

4469 
(13.7) 

3681 
(12.6) 

(13.8) 

OLIG0CHAETA 

147 
(2.2) 

17 
(0.3) 

3880 
(11.9) 

4903 
(16.7) 

(8.0) 

Others 

12 
(0.2) 

6 
(0.1) 

87 
(0.2) 

108 
(0.4) 

(0.2) 

Totals 

Means 

N 

6602 

138 

48 

6421 

134 
48 

32,677 
681 

48 

29,279 

610 

48 
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Table  23.      Percent  composition  of  invertebrate  orders  taken  with  kick 
samples  at  Gl endive  (17)   and  Intake  (18),   1975. 


Month  - 

Station 

August 

September 

October 

November 

Order 

17 

18 

17 

18 

17    18 

17 

18 

Ephemeroptera 

39.5 

81.6 

22.2 

41.7 

25.6  35.1 

10.5 

14.8 

Trichoptera 

48.9 

14.6 

28.4 

49.3 

50.2  35.6 

57.0 

55.2 

Plecoptera 

0.5 

0.9 

0.2 

0.2 

0.05  0.8 

1.3 

4.2 

Diptera 

10.6 

2.6 

44.7 

8.0 

10.0  19.6 

9.4 

19.7 

Hempitera 

0 

0 

0.2 

0 

0.1   0 

0.2 

_ 

Coleoptera 

0 

0.1 

0.2 

0 

0.05  0 

0.1 

0.1 

Odonata 

0 

0 

0 

0 

0.1   0 

0 

0 

Amphipoda 

0 

0 

0 

0 

0.2 

0.1 

0 

Mo  11  us ca 

0 

0 

0 

0 

0.1   0 

0.1 

0.1 

Oligochaeta 

0.5 

0.2 

4.0 

0.8 

13.9   8.7 

21.6 

5.9 

Results  obtained  with  the  kick  net  were  compared  with  results  of  the 
Water's  sampler.      Results  were  similar,  but  the  number  of  organisms 
obtained  with  the  kick  net  was  always   lower  than  numbers  obtained  with 
the  Water's  sampler     (Figures  38-39).     Several   kick  samples  were  taken 
at  the  water's  edge  and  in  water  too  shallow  to  sample  with  the  Water's 
sampler.     This  would  tend  to  expand  the  range  and  reduce  the  mean.     At 
both  stations  both  samplers  followed  the  same  trend  and  a  line  joining 
the  means  of  both  methods  is  almost  parallel.     The  Water's  sampler  is 
19.5  in.   high;  thus  only  kick  samples   taken  in  depths  less  than  19.5  in. 
were  compared. 
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Environmental  Requirements 

Multiple  regression  analyses  were  performed  on  the  current-depth 
data  with  current  and  depth  as  independent  variables  and  number  of  taxa 
and  number  of  individuals  as  dependent  variables.  Three  models  were 
applied:  I)  untransformed;  II)  semilog  transformation  (of  dependent 
variables);  and  III)  log-log  transformation  (Appendix  G). 

It  is  obvious  from  Tables  24  and  25  that  depth  is  less  frequently 
significant  than  current  velocity  as  a  means  of  predicting  the  number 
of  taxa  or  the  total  number  of  individuals  per  sample.  Number  of  taxa 
and  number  of  individuals  are  very   similar  when  regressed  against  current 
velocity.  Figures  40-42  are  plots  of  the  regression  data  showing  how 
these  data  can  be  expressed  to  predict  the  numbers  of  individuals  at 
any  particular  current  or  depth.  The  deviation  of  the  data  from  the 
regression  line  is  demonstrated  in  Figure  42,  for  example,  where  the 
regression  coefficients  (r)  are  0.774  for  current  and  0.808  for  depth. 

Mayfly  diversity  was  very   great  in  the  current-depth  samples  with 
as  many  as  15  species  present  in  some  samples.  Ephemeroptera  nymphs 
are  much  easier  to  identify  to  the  species  level  and  so  some  informa- 
tion was  obtained  on  current  preferences  for  several  abundant  species. 
These  data  provide  some  insight  into  niche  separation  in  the  mayfly 
community  and  how  separation  and  current  preference  changes  throughout 
the  life  cycle  of  several  species. 

Densities  of  Traverella  albertana   and  Tricorythodes  minutus   are 
presented  in  Figure  43.  Peak  densities  in  August  at  Intake  for  Traverella 
albertana   occurred  at  about  2.25  feet  per  second  (fps).  Nymphs  of  T. 
albertana   were  more  abundant  in  August  than  in  any  other  month.  This 
species  emerges  in  September  and  October  and  nymphs  do  not  reappear  in 
any  number  until  November. 

At  the  Intake  station  during  the  October  samples  peak  population 
densities  were  determined  for  several  species  (Figure  44).  Heptagenia 
elegantula   was  more  abundant  in  slower  currents  and  was  most  abundant 
at  0.5  fps.  Traverella  albertana   was  abundant  near  2.5  fps  as  in  the 
August  samples.  Baetis  alexanderi   was  also  most  abundant  at  2.5  -  3.0 
fps  but  there  was  no  way  to  determine  at  what  velocity  this  population 
would  reach  its  peak.  A  similar  situation  exists  with  Rhithrogena 
undulata   although  the  population  seems  to  be  reaching  its  greatest 
density  at  about  2.75  fps.  In  November  E.    elegantula   and  B.   alexanderi 
exhibited  low  densities  at  Intake  but  peak  densities  appear  to  have 
occurred  at  1.5  fps  and  2.5  fps,  respectively  (Figure  45). 

Some  current  preferences  were  apparent  for  mayflies  at  the  Gl endive 
station  (Figure  46).  Population  extremes  were  evident  for  H.    elegantula 
(0.5  fps),  B.    alexanderi    (1.75  fps)  and  Daatylobaetis  oepheus    (1.75  fps). 
In  the  November  samples  highest  densities  were  H.    elegantula   (1.75  fps) 
and  B.    alexanderi   (2.0  fps)  (Figure  47). 
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Table  24.  Synopsis  of  regression  analysis  on  the  current-depth  data 
showing  significance  for  the  three  models  for  botn  sampling 
stations.  Regression  of  number  of  taxa  and  depth  (ft.)  and 
current  velocity  (cfs). 


Depth  & 

Model        Depth 

Current 

Current 

Date 

Sta. 

I 

NS 

NS 

NS 

Aug. 

17 

II 

NS 

NS 

NS 

Aug. 

17 

III 

NS 

NS 

NS 

Aug. 

17 

I 

NS 

NS 

NS 

Sept. 

17 

II 

NS 

NS 

NS 

Sept. 

17 

III 

NS 

* 

* 

Sept. 

17 

I 

NS 

NS 

* 

Oct. 

17 

II 

NS 

MS 

* 

Oct. 

17 

III 

NS 

* 

** 

Oct. 

17 

I 

** 

** 

i-k 

Nov. 

17 

II 

** 

** 

** 

Nov. 

17 

III 

** 

** 

** 

Nov. 

17 

I 

NS 

NS 

NS 

Aug. 

18 

II 

NS 

NS 

NS 

Aug. 

18 

III 

NS 

** 

** 

Aug. 

18 

I 

NS 

NS 

NS 

Sept. 

18 

II 

NS 

NS 

NS 

Sept. 

18 

III 

NS 

NS 

NS 

Sept. 

18 

I 

** 

* 

** 

Oct. 

18 

II 

** 

* 

** 

Oct. 

18 

III 

*-;.- 

** 

** 

Oct. 

18 

I 

* 

NS 

** 

Nov. 

18 

II 

* 

NS 

** 

Nov. 

18 

III 

** 

** 

** 

Nov. 

18 

NS  = 

not  significant  at  p  < 

.05 

*  = 

significant  at  p  i  .05 

**  = 

highly  significant  at  p 

<  .01 

.:  "~"\ 
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Table  25.  Synopsis  of  the  regression  analysis  on  the  current-depth 

data  showing  significance  for  the  three  models  for  both  sampling 
stations.  Regression  of  number  of  organisms  and  depth  (ft.)  and 
current  (cfs). 


Model 


Depth 

Current 

Depth  & 
Current 

Date 

Sta. 

NS 
MS 
NS 

NS 
NS 
NS 

NS 
NS 
NS 

Aug. 
Aug. 
Aug. 

17 
17 
17 

* 

NS 
* 

-.- 

NS 
** 

* 

NS 
** 

Sept. 
Sept. 
Sept. 

17 
17 
17 

** 
** 
** 

** 

** 
* 

** 
** 
** 

Oct. 
Oct. 
Oct. 

17 
17 

17 

** 
** 

** 
** 

-:- 

** 
** 
** 

Nov. 
Nov. 
Nov. 

17 

17 
17 

t.--;.- 
** 

* 

** 

** 

** 
** 

Aug. 
Aug. 
Aug. 

18 

18 
18 

* 

** 
* 

** 

NS 

** 

** 
** 

Sept. 
Sept. 
Sept. 

18 
18 
18 

** 
** 
** 

** 
** 
** 

-kit 
•k-k 

Oct. 
Oct. 
Oct. 

18 
18 

18 

** 
** 
** 

NS 
** 

•kit 
■k-k 
-k-k 

Nov. 
Nov. 

Nov. 

18 
18 
18 

NS  =  not  significant  at  p  <  .05 

*  =  significant  at  p  <_.05 

**  =  highly  significant  at  p  i  .01 
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Figure  43  .  Mayfly  distribution  at  various  currents,  Intake,  Aug. 1975 


50 


Rhithrogrena  undulata 


^0- 


ra 
H 

ra 

>  30 

•H 

e 

H 

o 


O) 


20. 


10- 


0.5      l.o      1.5      2.0      2.5      3-0 

Current  Velocity  (cfs) 
Figure  44.  Mayfly  distribution  at  various  currents,  Intake,  Oct., 1975' 


< 


( 


f 


c 


en 


20. 


to 

a 

•H 

3    15- 

M 
O 


CD 


10- 


Heptagenia   elegantula o 

A   A         Baetis    alexanderi 

A;;, 


*• 


A 


0.0 


Figure  45 


2.0 


— T™ 

2-5 


0.5      l.o     1.5 

Current  Velocity  (cfs) 
Mayfly  distribution  at  various  currents,  Intake,  Nov. 1975 


I 
i 


nJ 

•H 
> 

•H 


o 


i+0 


30 


20 


10_ 


:Heptag;enia   elegantula 


Baetis    alexanderi 


t ' r 

0.0  0.5  1.0  1.5  2.0  2.5  3.0 

Current  Velocity  (cfs) 
Figure  46  .  Mayfly  distribution  at  various  currents,  Glendive ,  Oct. 1975 


( 


c 


c 


A"r~^-Heptagenia   elegantula 


Baetis    alexanderi 


0.5  1.0  1.5  2.0  2.5 

.  Current  Velocity    (els) 
Figure    47     .    Mayfly   distribution   at  various    currents,    Glendive ,Nov .    1975 


All  of  the  data  on  mayfly  current  preference  were  pooled  and  are 
presented  in  Figure  48.  Several  points  are  evident.  Current  preference 
changes  with  different  periods  in  the  life  cycle  of  a  species.  Greatest 
population  densities  for  Heptagenia  elegantula   changed  from  0.5  fps 
in  October  to  1.5  fps  in  November.  Populations  of  Baetis  alexandevi 
exhibited  a  similar  trend.  The  two  samples  of  Traverella  albertana, 
however,  were  very  similar  (2.5  fps). 

Figure  48  gives  some  insight  into  niche  separation  of  six  species 
of  Ephemeroptera.  Each  of  these  species  had  its  highest  densities  at 
slightly  different  current  velocities  thus  reducing  interspecific 
competition  for  food  and  resting  areas.  The  remaining  mayflies  species 
were  present  in  numbers  too  small  to  illustrate  current  preference 
and  made  up  an  insignificant  part  of  the  fauna  in  the  lower  Yellow- 
stone River. 

Plecoptera  nymphs  were  not  common  in  the  lower  Yellowstone  River 
and  little  information  on  current  preference  was  obtained.  At  Intake, 
however,  Plecoptera  were  only  found  at  the  fastest  currents. 

Trichoptera  larvae,  Hydropsyahe   in  particular,  exhibited  a  distinct 
current  preference  with  the  greatest  number  of  larvae  found  at  the 
fastest  currents  sampled.  Larvae  could  not  be  identified  to  species 
and  at  least  three  species  of  Hydropsyahe   have  been  collected  at 
Glendive  and  Intake.  Samples  taken  in  August  and  September  were  not 
significant  (p<0.05)  when  relating  numbers  of  individuals  to  current. 
Samples  taken  in  October  and  November  at  both  stations  were  highly 
significant.  It  is  interesting  to  note  that  regression  lines  varied 
little  from  October  to  November  at  Glendive  and  at  Intake  (Figures  49-50) 

There  is  some  evidence  that  Hydropsyahe   reached  its  greatest 
densities  at  about  1.5  fps  at  Intake  in  October  (Figure  49)  and  2.0 
fps  in  November  (Figure  50)  after  which  densities  decreased  at  greater 
velocities  (Appendix  H). 

Discharge  data  above  and  below  the  study  stations  are  shown  in 
Table  26  (USGS  1976). 


Table  26.  Discharges  at  Miles  City  and  Sidney  during  sampling  periods 
(cfs). 


Date 


August  6,  1975 
August  7,  1975 
September  9,  1975 
September  17,  1975 
October  9,  1975 
October  15,  1975 
November  7,  1975 
November  11,  1975 


Miles  City 

Sidney 

20,200 

21,200 

18,500 

20,300 

9,890 

10,100 

8,440 

8,980 

8,000 

9,730 

8,850 

10,300 

8,620 

10,400 

10,300 

10,100 
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DISCUSSION 

It  is  difficult  to  predict  the  effects  of  flow  reduction  on  the 
invertebrate  fauna  of  a  stream  because  of  the  large  number  of  species 
involved  and  the  inability  to  discuss  the  environmental  requirements 
and  tolerances  of  a  group  as  large  as  the  Ephemeroptera  or  Trichoptera. 
Even  within  a  genus  there  are  large  variations  in  tolerance.  The  need 
to  know  environmental  requirements  of  a  species  is  complicated  in  the 
west  because  few  western  species  have  been  intensively  examined.  Roback 
(1974)  lists  the  habitat  requirements  of  many  aquatic  insects  in  terms 
of  chemical  concentrations  but  few  western  species  are  listed.  Be- 
cause of  these  problems,  predictions  of  effects  of  reduced  flows  will 
be  general  in  scope  at  least  at  the  present  time. 

Chemical 


Attempts  to  explain  the  distribution  of  species  in  terms  of 
chemical  differences  have  not  had  much  success  except  where  con- 
ditions are  extreme  (Macan  1974). 

At  present,  dissolved  oxygen  concentrations  are  sufficiently 
high  to  sustain  invertebrates  and  fish.  Dissolved  oxygen  could  influence 
invertebrate  communities  if  reduced  flows  are  so  low  that  the  BOD  of 
domestic  sewage  or  decaying  organisms  tax  the  reaeration  capacity  of 
the  river. 

With  reduced  flows,  increased  concentrations  of  nutrients  could 
result  in  an  increase  in  periphyton  growth  especially  in  the  present 
dominant  alga  Cladophora.     A  large  mat  of  Cladophora   would  increase 
the  diversity  of  benthic  habitats  and  would  probably  result  in  a  larger 
standing  crop  of  benthic  organisms  although  there  would  probably  be 
a  shift  in  benthic  species  composition  (Percival  and  Whitehead  1929). 

Silt 

Currently  the  Yellowstone  River  carries  large  amounts  of  suspended 
material  mostly  inorganic  in  nature.  There  appears  to  be  enough  current 
to  remove  much  of  this  material  and  silt  deposits  are  not  frequent 
along  the  river.  The  high  spring  runoff  is  one  factor  that  keeps  the 
river  flushed  of  inorganic  sediment.  The  macroinvertebrate  fauna  of 
the  lower  Yellowstone  is  predominantly  silt  tolerant.  Genera  known 
to  be  silt  tolerant  include:  Isonyohia,   Trioorythodes ,   Caenis,   Traverella, 
Bvaohyeercus,   Stenonema,   Daotylobaetis ,    and  Ephoron   ((Berner  1959, 
Jensen  1966).  It  is  not  known  how  much  silt  the  benthic  fauna  of  the 
lower  river  can  tolerate.  Sampling  station  20  has  the  lowest  gradient, 
the  greatest  silt  concentrations,  and  the  lowest  benthic  diversity  of 
all  sampling  stations.  If  station  20  is  used  as  an  example  of  what 
could  happen  at  other  stations  if  the  high  development  scenario  is 
achieved,  the  result  will  be  a  poorer  fauna  in  numbers  and  species. 
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Figure  51.  Typical  rubble  substrate  in  the  lower  Yellowstone, 
low  summer  flow  at  G1 endive. 
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Figure  52.  Closeup  of  typical  rubble  substrate 
in  the  lower  Yellowstone  at  Glendive. 
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Temperature 

Reduced  flows  resulting  in  a  shallower  river  will  probably  result 
in  higher  water  temperatures  that  will  have  an  influence  on  the  benthos. 
Increased  temperatures  would  affect  growth,  emergence,  egg  hatching, 
dissolved  oxygen  and  metabolism.  The  net  effect  would  probably  be  a 
reduction  of  the  fauna. 

Another  factor  associated  with  temperature  is  ice.  In  the  lower 
Yellowstone  River  a  solid  ice  cover  lasts  for  several  months  (Figure 
20).  Ice  cover  at  Glendive  lasted  from  late  December  to  April  during 
the  winter  of  1974-75  and  late  November  to  mid-March  during  1975-76 
(Figure  53).  Surface  ice  can  act  in  several  ways  to  kill  invertebrates. 
Brown  et  al .  (1953)  found  that  surface  ice  killed  invertebrates.  Low 
flows  would  permit  thicker  ice  conditions,  freezing  of  large  areas  of 
shallow  water,  and  increased  gouging  and  molar  action  during  the  time 
of  ice  break-up  (Figure  54). 

Food 

It  is  interesting  to  note  that  Egglishaw  (1954),  Macan  (1974), 
and  Cummins  (1975a)  all  believe  that  the  microdistribution  of  a  species 
is  more  determined  by  food  preferences  than  any  other  factor.  Current 
distributes  allochthonous  detritus  and  periphyton  which  in  turn 
determines  invertebrate  distribution.  Cummins  (1972)  presented  a 
table  on  how  food  influences  microdistribution  of  aquatic  macroinverte- 
brates  (Figure  55). 

In  attempting  to  determine  if  faunal  zonation  occurs  in  the 
Yellowstone  River,  aquatic  genera  found  in  the  Yellowstone  River  were 
grouped  according  to  feeding  mechanism  (Table  27).  It  becomes  im- 
mediately evident  that  a  grouping  of  organisms  into  zones  is  very 
difficult.  One  can  see  that  it  is  necessary  to  go  to  a  lower  taxonomic 
level  than  family  in  describing  its  distribution,  e.g.  the  family 
Chironomidae  is  listed  under  all  three  categories  and  this  family  is 
found  at  all  20  stations.  Four  genera  in  the  shredder  category  are 
confined  to  the  upper  river  and  at  least  in  part  they  define  the 
erosional  habitat  of  Cummins (1975a) .  Genera  found  in  the  collector 
and  scraper  category  are  variously  distributed  along  the  entire  river 
thus  obscuring  the  intermediate  and  depositional  zones,  if  they  do 
exist  in  the  Yellowstone  River.  It  may  be  necessary  to  graph  the 
abundance  of  each  genus  or  each  species  in  order  to  separate  the  fauna 
into  habitat  zones.  More  information  on  feeding  habits  of  individual 
species  is  necessary  before  this  can  be  done. 

Current  and  Bottom  Habitat 

Bottom  samples  taken  at  Glendive  and  Intake  during  1975  revealed 
that  invertebrate  densities  are  directly  proportional  to  current 
velocity  up  to  velocities  of  3.0  fps.  No  samples  were  taken  at  velo- 
cities greater  than  3.0  fps  and,  therefore,  predictions  of  standing 
crop  at  faster  currents  would  not  be  appropriate. 
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Table  27.  Characterization  of  running  water  habitats  on  the  basis  of  narrowly  defined  typical  biotic 
dominants  (after  Cummins  1973,  1975a). 


Feeding 

Dominant 

Taxa 

Distribution  in 

Mechanism 

Order 

Family 

Genus 

Yellowstone  R.  (sta) . 

Shredders 

Trichoptera 

Leptoceridae 

Leptooella 

10-18 

(large  particle 

Oecetis 

6-17 

detritivores) 

Lepidostomatidae 

Lepi-dostoma 

1-  9 

Plecoptera 

(Filipalpia) 

Nemoura 
Capnia 

Pteronaroe I  la 
Pteronarays 

1-  8 
1-15 
1-10 
1-  5 

Diptera 

Chironomidae 

1-20 

Collectors 

Trichoptera 

Hydropsychidae 

Hydropsyahe 

1-18 

(fine  particle 

Cheumatopsyche 

2-18 

detritivores) 

Avctopsyche 

1-  9 

Ephemeroptera 

Leptophlebiidae 

Leptophlebia 

3-18 

, 

Baetidae 

Baetis 

1-20 

Co 
on 

Ephemerellidae 

Ephemere I  la 

1-18 

i 

Heptageniidae 

Heptagenia 

1-20 

Diptera 

Simuliidae 
Chironomidae 

Simu  Hum 

1-20 
1-20 

Scrapers 

Ephemeroptera 

Heptageniidae 

Heptagenia 

1-20 

(grazers) 

Baetidae 

Baetis 

1-20 

Ephemerellidae 

Ephemere I  la 

1-18 

Caenidae 

Caenis 

10-20 

Diptera 

Chironomidae 

1-20 

Predators 

Odonata 

Gomphidae 

Plecoptera 

(Setipalpia) 

Aroynopteryx 
Isogenus 
Isoperla, 
Altoperla 

1-  9 
1-19 
1-20 
1-12 

Trichoptera 

Rhyacophilidae 

Rhyaeophila 

1-  6 

Hydropsychidae 

Hydropsyahe 

1-18 

Diptera 

Chironomidae 

1-20 

Rhagionidae 

Atherix 

1-11 

Figure  53.     Floating  ice  just  prior  to  freeze-up  at  Glendive. 


Figure  54.  Ice  jam  during  late  winter  at  Glendive. 
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Figure  55  .      Proposed  relationships   between   invertebrates   and  the 

factors   that    determine   their  distribution  and   abundance 
(  Prom  Cumin  i  ns    1  972)  . 
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Flow  reductions  in  the  Yellowstone  would  result  in  reduction 
in  current  velocities  across  the  entire  river  channel  because  of  its 
"U"  shaped  configuration.  A  general  reduction  in  flow  would  result 
in  a  faunal  reduction  because  of  reduced  preference  for  slow  currents 
for  most  species.  Minshall  and  Winger  (1968)  found  that  a  reduction 
in  flow  caused  a  large  increase  in  the  number  of  drifting  organisms. 
Increases  in  drift  expose  a  greater  number  of  invertebrates  to  preda- 
tion  by  fish  and  may  remove  them  from  a  section  of  stream. 

It  is  possible  to  relate  invertebrate  densities  to  discharge 
if  mean  current  velocities  across  the  river  at  several  points  are  known, 
The  Bureau  of  Reclamation  Water  Surface  Profile  (WSP)  Computer  Program 
(U.S.  Department  of  Interior  1968)  does  this.  It  utilizes  current  and 
depth  measurements  from  several  transects  to  compute  area  and  mean 
current  velocity  in  several  subsections  of  all  transects  at  any  desired 
discharge.  This  technique  was  used  at  the  Intake  station,  the  WSP 
Program  was  used  to  predict  mean  current  velocities  in  15  subsections 
at  three  discharges  (Table  28).  After  the  width  of  each  subsection 
was  calculated,  the  mean  current  velocity  was  placed  in  the  regression 
equation  obtained  from  kick  samples  in  November  1975  (Appendix  D). 
November  was  selected  because  this  was  the  last  month  bottom  samples 
were  obtained. 

The  standing  crop  in  each  subsection  was  summed.  At  a  discharge 
of  9000  cfs  (about  mean  low  summer  discharge)  the  standing  crop  esti- 
mate is  208,847  for  a  one  meter  wide  strip  of  river  bottom  at  Intake. 
This  number  decreases  to  189,895  at  8000  cfs  and  171,602  at  7000  cfs, 
or  about  a  ten  percept  reduction  in  standing  crop  with  each  1000  cfs 
reduction  in  discharge.  The  mean  current  velocities  and  standing  crop 
in  each/subsection  at  Intake  are  presented  in  Table  28. 

Standing  crop  estimates  at  7000,  8000  and  9000  cfs  are  graphed 
in  Figure  56  along  with  a  diagramatic  representation  of  loss  of  habitat 
due  to  water  withdrawal.  Stage  height  at  9000  cfs  is  1985.30  feet 
at  cross  section  5;  this  cross  section  was  taken  opposite  the  boat 
launch  at  Intake.  Stage  height  decreases  to  1985.15  at  8000  cfs 
and  1984.90  at  7000  cfs.  Thus  the  river  drops  only  a  few  inches  as 
discharges  decrease  by  1000  cfs  and  only  a  few  square  feet  of  river 
bottom  are  exposed.  All  of  these  calculations  apply  to  transect  5 
at  Intake  and  river  bottom  figuration  will  change  at  other  locations 
as  will  current  and  standing  crop. 

When  standing  crop  estimates  derived  at  7000,  8000  and  9000  cfs 
are  plotted  against  discharge  the  following  regression  equation  results 

(Figure  56): 

( 

log  Standing  Crop  =  4.9384  +  0.000042  Discharge  (cfs) 

This  equation  permits  a  prediction  of  standing  crop  of  invertebrates 
at  any  discharge.  One  should  remember  that  a  regression  equation  is 
a  mathematical  tool  that  may  or  may  not  predict  a  future  biological 
event.  Therefore,  standing  crop  estimates  may  continue  decreasing 


-88- 


!y 


Table  28.  Invertebrate  population  estimates  utilizing  data  from 
Intake  station  18,  subsections  from  WSP,  regression 


C 


equation 

from  Nov. 

kick  samp 

les,  (no. 

m-2). 

at  9000 

cfs 

at  8000 

cfs 

at  700C 

cfs 

Sub 

Mean 

Population 

Mean 

Dopulation 

Mean 

Population 

Section 

Velocity 
(fps) 

Estimate 

Velocity 
(fps) 

Estimate 

Velocity 
(fps) 

Estimate 

1 

0 

0 

0 

2 

1.02 

- 

0.91 

- 

0.81 

- 

3 

2.53 

20,819 

2.32 

18,640 

2.15 

16,704 

4 

3.42 

39,563 

3.17 

34,306 

2.96 

30,433 

5 

2.94 

30,156 

2.72 

26,560 

2.54 

24.070 

5 

2.09 

25,868 

1.90 

22,825 

1.73 

20,923 

7 

1.88 

16,600 

1.70 

14,940 

1.58 

14,110 

8 

2.13 

11,931 

1.94 

10,721 

1.77 

9,683 

9 

2.56 

15,217 

2.35 

13,487 

2.18 

12,277 

10 

2.39 

16,600 

2.66 

19.297 

2.49 

17,430 

11 

2.85 

17,983 

2.68 

16,254 

2.45 

14,352 

12 

1.97 

10,894 

1.79 

9,856 

1.62 

8,819 

13 

0.72 

3,216 

0.62 

3,009 

0.50 

2,801 

14 

0 

- 

0 

- 

0 

- 

15 

0 

0 

0 

0 

0 

0 

Totals  208,847  189,895  171,602 


linearly  as  the  regression  equation  states.     In  this  case  the 
regression  line  is  probably  roughly  accurate.     Because  of  the 
channel  morphometry  in  the  Intake  area,  decreases  in  discharge 
result  in  decreasing  currents  across  the  entire  channel   and  little 
bottom  (habitat)   is  exposed  in  the  process.     However,  at  some  low 
discharge  large  amounts  of  riverbottom  would  be  exposed  with  re- 
sultant loss  of  habitat  and  a  dramatic  decrease  in  fauna.     The 
effects  of  reduced  current  velocity  and  loss  of  bottom  habitat  are 
separable  in  their  effect  on  fauna.     Reduced  current  velocities 
(due  to  lowered  streamflow)   could  adversely  affect  bottom  fauna 
before  a  significant  loss  in  bottom  habitat  occurred. 

If  the  regression  equation   (Figure  56)   is  utilized,  standing 
crop  estimates  can  be  calculated  for  various  discharges  in  a  1-meter 
wide  strip  at  Intake: 

6000  cfs  155,800  organisms 

5000  cfs  141,300  organisms 

4000  cfs  128,200  organisms 

3000  cfs  116,300  organisms 

2000  cfs  105,400  organisms 

1000  cfs  95,600  organisms 
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Figure  56  .  Upper  figure  is  cross  section  no.  5  at  Intake  showing 
water  depth  at  various  flows;  lower  figure  contains  invertebrate 
population  estimates  at  various  discharges. 
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These  standing  crop  estimates  are  based  on  data  gathered  in 
November  and  are  higher  than  estimates  would  be  later  in  the  winter 
or  spring  because  of  natural  mortality  and  drift  out  of  the  study  area. 
As  flows  decrease,  several  other  events  would  undoubtedly  result  in 
a  higher  than  normal  mortality  of  invertebrates  -  these  are  ice  and 
silt.  With  decreased  discharges,  ice  cover  would  tend  to  be  thicker  than 
normal  thus  freezing  larger  than  normal  areas  of  river  bottom.  The 
additional  ice  and  shallow  areas  would  result  in  a  greater  amount  of 
molar  action  during  spring  ice  break  up. 

Low  discharges  and  reduced  currents  would  permit  greater  amounts 
of  silt  to  accumulate  which  is  very   detrimental  to  bottom  dwelling 
organisms. 

Evidence  confirming  the  "stream  continuum"  theory  is  apparent 
although  not  in  large  quantities.  One  major  problem  with  implementing 
this  theory  in  the  west  involves  stream  order.  With  the  multitude  of 
tributaries  to  every   stream  a  large  creek  might  be  an  order  10-15 
by  the  time  it  reaches  a  larger  river.  The  Yellowstone  River  could 
conceivably  be  an  order  20  or  more  although  this  has  never  been  cal- 
culated. Some  of  the  basic  tenants  of  the  theory  are  evident.  The 
invertebrate  fauna  in  stations  1-8  is  dominated  by  shredder-type 
organisms.  The  fauna  in  the  middle  and  lower  river  is  dominated  by 
organisms  that  are  collectors,  i.e.  the  Trichoptera  family  Hydropsychidae, 
which  build  small  nets  to  collect  small  food  particles  and  small 
organisms  carried  along  by  the  current.  Scraper  or  grazing  organisms 
are  found  throughout  the  river  and  silt  tolerant  organisms  become 
abundant  in  the  low  gradient  portions. 

Faunal  zones  are  broad  and  not  distinctly  defined.  This  is  true 
for  fish  and  bottom  dwelling  organisms.  Throughout  the  upper  half  of 
the  river  the  salmonid  community  gradually  decreases  as  does  the 
Plecoptera  fauna.  Mayflies,  however,  exhibit  a  gradual  shift  from  one 
community  to  another  with  the  exception  of  several  species  that  are 
very   adaptable  and  are  present  throughout  the  entire  river. 

SUMMARY 

The  invertebrate  fauna  of  the  Yellowstone  River  is  rich  in  numbers 
and  species.  The  number  of  species  and  standing  crop  is  greatest  in 
the  upper  river,  stations  1-5,  and  both  decrease  downstream. 

The  invertebrate  fauna  is  dominated  by  mayflies,  caddisflies  and 
true  flies.  The  stonefly  fauna  is  diverse  but  not  abundant  and  there 
is  a  steady  decrease  in  number  of  species  downstream.  The  mayfly 
fauna  is  composed  of  a  mountain  fauna,  a  prairie  fauna  and  several 
species  found  throughout  the  river.  In  the  lower  five  sampling  sta- 
tions, mayflies  are  the  most  diverse  order.  Caddisflies  are  very 
abundant  and  diverse  throughout  the  Yellowstone  River.  The  family 
Hydropsychidae  dominates  the  invertebrate  fauna  in  the  lower  half 
of  the  river.  True  flies  (Diptera)  and  in  particular  the  midge 
family,  Chironomidae,  are  abundant  and  diverse  througout  the  river. 

The  invertebrate  fauna  of  the  Tongue  River  is  somewhat  similar 
to  the  fauna  of  the  lower  Yellowstone  River. 
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Baseline  species  diversity  calculations  showed  that  the  Shannon 
index  for  all  stations  was  near  or  below  3.0  for  most  stations. 
Generally  an  index  above  3.0  illustrates  a  healthy  unstressed  community 
while  an  index  below  1.0  is  indicative  of  a  monospecific  community 
under  stress.  The  index  range  of  3.0-1.0  seems  to  illustrate  a  com- 
munity under  some  stress. 

The  current  preference  for  many  species  and  genera  was  examined. 
For  most  species  increasing  current  (to  3  fps)  means  a  larger  standing 
crop. 

The  standing  crop  of  invertebrates  for  a  one  meter  wide  piece  of 
river  bottom  at  Intake  was  calculated  and  a  regression  equation  was 
formulated  to  calculate  standing  crop  at  various  discharges. 
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APPENDIX  B 
CONVERSION   FACTORS 


]    inch  =  2.54  cm 
1   cm      =  0.393  in.   or  0.032  ft 
]    foot  ~  0.304  m 
1m        =3.28     feet 
1   square  foot  =  0.093  sq.  m 

1   square  m  *  10.744  sq.   ft.  =   1547.136  sq.    in 


Sampler  Areas 

Water's  Round  Sampler 

Diameter     =     13.5  in.    (34.3  cm)    (143.139  in2)   or  0.093  m2 
Height        ■     19.75  in. ,  50.5  cm 
Mesh  *     #20  (20  apertures/inch) 

to  convert  area  to  m2  multiply  by  10.808 

Quantitative  Kick  Net 

Area       17"  x  16"  =  43.18  cm  x  40.64  cm 

272  in2  or  0.176  m2 
Mesh  -  #20 

to  convert  to  m2  multiply  by  5.688 


\^^t 
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Appendix  C.  Bottom  fauna  analyses,  Yellowstone  River  station  17 
(Glendive),  April  17,  1975.  Sampled  by:  kick. 


Taxa  Number 

Ephemeroptera 

Baetis  1 3 

Ephemeve lla  1 

Leptophlebia 

Heptagenia  37 

Stenonema  1 

Trichoptera 

Hydropsy ahe  33 


Bvachyoentvus 


4 


Plecoptera 

I sop er la  29 

Isogenus  2 

Coleoptera 

Stenelmis  1 

Eydvoporus  3 

Unknown  1 

Diptera 

Ceratopogonidae  1 

Orthoaladius  145 

Ablahesmyia  5 

Eukiefferiella  9 

Tviahocladius  2 

Oligochaeta  36 


Appendix     C 


Bottom  Fauna  Analyses,  Yellowstone  River  Station 
15-Miles  City  (Yellowstone  River),  April    18,   1975; 
sampled  by  Kick. 


- 


Taxa 


Number 


Ephemeroptera 

Baetis 

Ephemerella 

Rhithrogena 

Eeptagenia 

Stenonema 

Baetisca 


498 

40 

7 

13 
5 

4 


Trichoptera 

Hydropsy che 
Brachycentrus 

Plecoptera 

Isogenus 
IsoperZa 
Aoroneuria 


n 

2 


1 

12 
1 


Odonata 

Ophiogomphus 


1 


Coleoptera 

Stenelmis 

01  igochaeta 


7 


Diptera 

Hemerodromia 

Orthocladius 

Chironomus 

Miarotendipes 

Cardioaladius 

Unknown 


1 

53 
4 
1 
1 

1 
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Appendix    C    .     Bottom  Fauna  Analyses,  Yellowstone  River  Station 
14-Forsyth   (Yellowstone  River),  April    18,   1975, 
sampled  by  Kick. 


Taxa  Number 

Ephemeroptera 

Baetis  516 

Rhithrogena  140 

Ephemerella  13 

Heptagenia  2 

Tricorythodes  1 

Trichoptera 

Cheumatopsyahe  5 

Plecoptera 

Isoperla  44 

Isogenus  6 

Diptera 

Ovthocladius  13 

Cardiooladius  3 

Eukiefferiella  1 

Pavlautevborniella  1 

Hemiptera 

Hesperooovixa  1 
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Appendix      C.     Bottom  Fauna  Analyses,  Yellowstone  River  Station 

13-Myers   (Yellowstone  River),  April    18,   1975,  sampled 
by  Kick. 


Taxa  Number 

Ephemeroptera 

Baetis  207 

Ephemevella  13 

Rhithrogena  4 


Heptagenia 


7 


Plecoptera 

Isoperla  9 

Is  ogenus  2 

Trichoptera 

Cheumatopsyche  5 

Hemiptera 

Hesperoaorixa  59 

Diptera 

Simulivm  2 

Tribe los  2 

Eukiefferie I  la  2 

Orthoaladius  35 

Paralauterborn-iella  3 


Appendix      C.     Bottom  Fauna  Analyses,  Yellowstone  River  Station 
12-Bighorn  River  (Yellowstone  River),  April   18, 
1975,  sampled  by  Kick. 


Taxa  Number 

Ephemeroptera 

Baetis  6 

Ephemevella  4 

Leptophlebia  1 

Keptagenia  4 

Plecoptera 

Isopevla  2 

Hemiptera 

Hesperocorixa  9 

Diptera 

Ovthooladius  5 

Oligochaeta  6 
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Appendix  C  .  Bottom  Fauna  Analyses,  Yellowstone  River  Station 

1-Corwin  Springs  (Yellowstone  River),  April  7,  1975, 
sampled  by  Kick. 


Taxa  Number 

Ephemeroptera  " 

Baetis  274 

Ephemerella                      ">  423 

Ekithrogena  65 

Epeovus  2 

Trichoptera 

Hy dropsy ahe  473 

Cheumatopsyohe  5 

Psychomyia  6 

Lepidostoma  16 

Hydroptila  33 

Arotopsyohe  1 

Plecoptera 

Aaroneuria  '  14 

Pteronarays  16 

Alloperla  26 

Isoperla  70 

Nemoura  3 

Isogenus  8 

Diptera 

Agathon  1 

Atherix  14 

Hexatoma  1 

Hemerodromia  1 

Eheotany tarsus  40 

Orthooladius  349 

Diamesa  40 

Cardiooladius  120 

Ablabesmyia  2 

Microtendipes  80 

Hydracarina  5 


_ 
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Appendix  C 


Bottom  Fauna  Analyses,  Yellowstone  River  Station 
15  (Miles  City),  March  19,  1975,  sampled  by  Kick. 


Taxa 


Number 


Ephemeroptera 

Baetis 
Ephemerelta 
Eeptagenia 
Rkithrogena 

Trichoptera 

Eydvopsyche 

Cheumatopsyohe 

Hydroptila 

Plecoptera 

Capnia 

Bvachypteva 

Isoperla 

Coleoptera 
Dytiscidae 

Dubiraphia 
Stenelmis 


67 
14 

4 
5 


16 

7 
1 


1 

3 

15 


Diptera 

Diaranota 
Orthoaladius 
Eukiefferie I  la 


4 

328 

8 
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Appendix  C 


Bottom  Fauna  Analyses,  Yellowstone  River  Station 
14  (Forsyth),  March  19,  1975,  sampled  by  Kick. 


Taxa 


Number 


Ephemeroptera 

Ameletus 

Baetis 

Rhithvogena 

lleptagenia 

Leptophlebia 

Ephemerella 

Plecoptera 

Capnia 
Isoperla 

Trichoptera 

Hy dropsy che 

Hemlptera 

Hesperooorixa 
Gyvlnus 

Oligochaeta 
Turbellaria 


2 
20 

6 
10 

5 

2 


1 
40 


90 
1 

28 
1 


Diptera 

Ceratopogonidae 

Simulium 
Unknown 

Orthoeladius 
Cardiocladius 
Rheotany tarsus 
Crypto chironomus 
Un  "known 


1 
1 
1 
36 
1 
1 
2 
3 
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Appendix  C  .  Bottom  Fauna  Analyses,  Yellowstone  River  Station 
13  (Myers),  March  19,  1975,  sampled  by  Kick. 


Taxa  Number 

Ephemeroptera 

Baetis  118 

Rhithrogena  7 

Ephemerella  11 

Heptagenia  9 

Leptophlebia  3 

Ameletus  2 

Plecoptera 

Isogenus  4 

I  sop  er  la  2 

Trichoptera 

Hydropsyahe  4 

Cheumatopsyche  26 

Hydroptila  1 

Hemiptera 

Ilesperooorixa  170 

Coleoptera 

Dytisci dae  1 

Lepidoptera 

Cataolysta  1 

Oligochaeta 

Nias  4 

Unknown  A  15 

Diptera 

Dioranota  3 

Simulium  4 

Ceratopogonidae  1 
Orthooladius                                                       1,350 

Candioaladius  60 

Unknown  17 
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Appendix  C 


Bottom  Fauna  Analyses,  Yellowstone  River  Station 
12  (Bighorn  River),  March  19,  1975,  sampled  by 
Kick. 


Taxa 


Number 


Ephemeroptera 
Baetis 
Ephemevella 
Hep tagenia 
Stenonerna 
Leptophlebia 

Trichoptera 

Cheumatopsyahe 
Hydroptila 

Diptera 

Orthooladius 
Eukiefferiella 

Oligochaeta 

Hemiptera 

Hesperoaorixa 


5 
5 
1 
1 
2 


2 
2 


30 
1 

6 
2 
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Appendix  C  .  Bottom  Fauna  Analyses,  Yellowstone  River  Station 

4-above  Shields  River  (Yellowstone  River),  March  10, 
1975,  sampled  by  Kick. 


Taxa 


Number 


Ephemeroptera 

Ephemerella 
Baetis  . 
Rhithrogena 


1,276 

232 

4 


Plecoptera 

Isoperla 
Allopevla 
Nemoura 
Isogenus 

Trichoptera 

Braahycentrus 

Hydroptila 

Lepidos toma 

Hydropsyohe 

Chewnatopsyche 

Atkripsodes 

Hemiptera 
Corixidae 


80 

60 

4 

20 


36 

12 

80 

364 

4 

4 


Diptera 

Athevix 

Hexatoma 

Dolichopodidae 

Orthoaladius 
Cavdioo ladius 


16 

8 

4 

520 

192 
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Appendix   C.  Bottom  Fauna  Analyses,  Tenneco  Station  Mallard  Rest, 
March  10,  1975,  sampled  by  Kick. 


Taxa  Number 

Ephemeroptera 

Ephemevella  2,459 

Baetis  23 

Rhithrogena  100 

Trichoptera 

Avctopsyohe  6 

Hydropsyahe  420 

Glossosoma  11 

Lepidostoma  606 

Hydroptila  48 

Psyahomyia  1 

Cheumatopsyahe  5 

Rhyaoophila  1 

Braohycentrus  1 

Plecoptera 

Isoperla  209 

Alloperla  198 

Nemoura  12 

Isogenus  5 

Pteronaroe lla  3 

Pternarcys  4 

Diptera 

Atherix  5 

Hexatoma  6 

Agathon  2 

Simulium  3 

Diamesa  61 

Cardioaladius  208 

Orthoaladius  1 10 

Rheotany tarsus  10 

Coleoptera 

Dytiscidae  15 

Opti-oservus  1 

Acari  10 


J- 


A-lti 
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Appendix  C  .  Bottom  Fauna  Analyses,  Tenneco  Station  Corwin  Springs, 
March  10,  1975,  sampled  by  Kick. 


C 


Taxa  Number 

Ephemeroptera 

Baetis  294 

Ephemerella  389 

Heptagenia  4 

Ameletus  2 

Paraleptophlebia  1 

Rhithrogena  60 

Epeorus  2 

Diptera 

Diamesa  60 

Orthoeladius  51 

Cardiocladius  61 

Miavotendipes  20 

Rheotany tarsus  51 

Agathon  3 

Athevix  2 

Hexatoma  1 

Trichoptera 

Avotopsyohe  5 

Hydropsy ahe  310 

Lepidostoma  43 

Braohyoentrus  1 

Hydvoptila  18 

Athripsodes  1 

Glossosoma  2 

Rhyaoophila  1 

Psyohomyia  2 

Plecoptera 

Pteronarays  18 

Aaroneuria  7 

Alloperla  24 

Isoperla  63 

Nemoura  7 

Acari  3 

Coleoptera 

Optiosevvus  1 
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Appendix   C 


Bottom  Fauna  Analyses,  Yellowstone  River  Station 
4  (above  Shields  River),  February  14,  1975,  sampled 
by  Kick. 


Taxa 


Number 


Ephemeroptera 

Ephemerella 

Baet'is 

Rhithrogena 

Trichoptera 

Hydropsyche 

Cheumatopsyohe 

Arctopsyohe 

Braahyoentrus 

Lepido  stoma 

Ilydroptila 

Plecoptera 

Alloperla 

Isoperla 

Nemoura 

Capnia 

Pteronaraella 


440 
7 
4 


512 

3 

5 

35 

42 

5 


28 
3 

1 
2 
5 


Diptera 

A therix 

Hexatoma 

Empididae 

Orthooladius 

Cavdioc ladiut 

Diamesa 

Ablabesmyia 

Unknown 


29 
7 

3 
648 
20 
3 
2 
1 


Coleoptera 

Hydroporus 
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Appendix  C 


Bottom  Fauna  Analyses,  Yellowstone  River  Station 
3  (Livingston),  February  14,  1975,  sampled  by 
Kick. 


Taxa 


Number 


Ephemeroptera 

Ephemerella 

Baetis 

Rhithrogena 

Trichoptera 

Lepido  stoma 

Hydvoptila 

Bvachyoentvus 

Psyahomyia 

Atkripsodes 

Hydropsyohe 

Plecoptera 

Pteronaraella 
Isogenus 
Isoperla 
Alloperla 

Nemoura 


432 
209 
227 


103 
42 

7 

18 

3 

57 


2 

5 

93 

38 

1 


Diptera 

Holorusia 

Eexatorna 

Empididae 

Simulium 

Atherix 

Diamesa 

Cardioa ladius 

Orthoaladius 

Miavotendipes 

Hydracarina 


1 
4 
1 
4 
4 

10 

130 

80 

88 
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Appendix  C  .  Bottom  Fauna  Analyses,  Yellowstone  River  Station 

2-Mallard  Rest  (Yellowstone  River),  February  14,  1975, 
sampled  by  Kick. 


Taxa  Number 

Ephemeroptera 

Ephemerella  141 

Baetis  5 

Rhithrogena  17 

Plecoptera 

Isogenus  3 

Isopevla  42 

Alloperla  5 

Trichoptera 

Glossosoma  6 

Lepidostoma  46 

Hydroptila  13 

Amioaentrus  2 

AtJiripsod.es  1 

Hydropsy ahe  264 

Cheumatopsy  dhe  16 

Diptera 

llexatoma  4 

Simulium  2 

Diamesa  91 

Orthoaladius  40 

Cardiooladius  273 


A-2Q 


w- 


Appendix   C.  Bottom  Fauna  Analyses,  Yellowstone  River  Station 
1  (Corwin  Springs),  February  14,  1975,  sampled  by 
Kick. 


Taxa  Number 

Ephemeroptera 

Ephemerella  640 

Baetis  83 

Rhithrogena  30 

Heptagenia  4 

Trichoptera 

Hydropsyahe  1,184 

Cheumatopsyohe  30 

Hydroptila  12 

Lepidostoma  94 

Arotopsyohe  17 

Glosaosoma  8 

Athripsodes  1 

Plecoptera 

Pteronarays  107 

Pteronaraella  1 

llespevopevla  43 

Alloperla  25 

Isoperla  103 

Isogenus  4 

Nemoiwa  5 

Coleoptera 

Hydroporus  2 

Hetevlimnius  3 

Diptera 

Agathon  2 

/7eica  toma  8 

Empididae  2 

Simulium  2 

Atherix  32 

Diamesa  150 

Cardiocladius  170 

Orthoaladius  54 

Hydracarina  1 
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Appendix   C 


Bottom  Fauna  Analyses,  Yellowstone  River  Station 
12  (Bighorn  River),  January  13,  1975,  sampled  by 
Kick. 


Taxa 


Number 


Ephemeroptera 

Baetis 
Ephemevelta 
Stenonema 
Triaorythodes 


1 
11 
36 

8 


Trichoptera 

Chewnatopsyche 

Hydroptila 

Polycentropus 


12 

36 

7 


Plecoptera 

Capnia 

Alloperla 

Isoperla 

Hemiptera 

Ambrysis 


1 
4 
1 


Diptera 

Brillia 

Clinotanypus 

Ablabesmyia 

Micro tendipei 

Orthocladius 

Unknown 


4 

4 

36 

100 

220 

9 


01  igochaeta 

Tubificidae 


20 


A-22 


w^, 


Appendix   C.  Bottom  Fauna  Analyses,  Yellowstone  River  Station 

4  (below  Livingston),  January  13,  1975,  sampled  by 
Kick. 


Taxa  Number 

Ephemeroptera 

Ephemere lla  8 

Baetis  17 

Rhithvogena  15 

Trichoptera 

Hydropsyahe  2 

Hydroptila  1 

Psyohomyia  1 

Glossosoma  2 

Plecoptera 

Capnia  2 

Diptera 

Simulium  4 

Diamesa  20 

Cardiodadius  160 

Ovthooldius  47 

Hydracarina  1 
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Appendix  C  .  Bottom  Fauna  Analyses,  Yellowstone  River  Station 

3  (Livingston),  January  13,  1975,  sampled  by  Hester- 
Dendy. 


Taxa  Number 

Ephemeroptera 

Ephemevella  48 

Baetis  4 

Rhitkrogena  1 

Trichoptera 

Aratopsyohe  1 

Hydropsyahe  157 

Brachycentvus  4 

Chevanatopsyche  8 

Hydroptila  1 

Genus  A  15 

Athripsodes  1 

Plecoptera 

Isogenus  3 

Di  ptera 

Atherix  1 

Orthoaladius  211 

Cardiodadius  173 

Hydracarina  2 


"C 


Appendix  C  .  Bottom  Fauna  Analyses,  Yellowstone  River  Station 
2  (Mallard's  Rest),  January  13,  1975,  sampled  by 
Kick. 


Taxa  Number 

Ephemeroptera 

Ephemevella  28 

Baetis  2 

Rhithrogena  6 

Trichoptera 

Athripsodes  2 

Micrasema  4 

Genus  A  7 

Hydropsyahe  90 

Aratopsyahe  1 

Cheumatopsyahe  4 

Hydroptila  80 

Glossosoma  3 

Lepidostoma  34 

Plecoptera 

Isoperla  2 

Alloperla  1 

Diptera 

Diamesa  15 

Ablabesmyia  1 

Unknown  A  1 

Miavotendipes  40 

Unknown  B  5 

Orthoaladius  10 
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Appendix  C  .  Bottom  Fauna  Analyses,  Yellowstone  River  Station 
19  (Sidney),  December  17,  1974,  sampled  by  Hester- 
Dendy. 


Taxa 


Number 


Ephemeroptera 
Heptagenia 

Daetis 
Rhithrogena 


16 
2 
1 


Trichoptera 

Hy dropsy 'che 
Chewnatopsyche 

Plecoptera 

Isogenus 


27 
2 


Diptera 

Simulium 

Ovthooladius 

Ablabesrnyia 


2 

17 
2 


Appendix  C  .  Bottom  Fauna  Analyses,  Yellowstone  River  Station 
18  (Intake),  December  17,  1974,  sampled  by  Hester- 
Dendy. 


Taxa  Number 

Ephemeroptera 

Heptagenia  29 

Ephernevella  1 

Baetis  5 

Leptophlebia  1 

Stenonema  1 

Rhithrogena  1 

Trichoptera 

Hydropsyahe  2 

Cheumatopsy che  2 

Plecoptera 

Braahyptera  9 

Isoperla  3 

Diptera 

Simulium  63 

Orthoaladius  13 

Bi'illia  2 

C linotanypus  1 

Ablabesmyia  7 

Oligochaeta  17 

Mollusca 

Fervissia  "1 
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Appendix  C  .  Bottom  Fauna  Analyses,  Yellowstone  River  Station 

4  (below  Livingston),  December  16,  1974,  sampled  by 
Hester-Dendy. 


Taxa  Number 

Ephemeroptera 

Ephemerella  227 

Rhithrogena  8 

Baetis  65 

Ame le tus  2 

Trichoptera 

Uydropsyche  30 

Lepi  do  stoma  6 

Plecoptera 

I  so  genus  18 

Isoperla  65 

Alloperla  14 

Diptera 

Diamesa  10 

Orthoaladius  130 

Cardiocladius  50 


A-23 
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Appendix  C  .  Bottom  Fauna  Analyses,  Yellowstone  River  Station 

3  (above  Livingston),  December  16,  1974,  sampled  by 
Hester-Dendy. 


Taxa 


Number 


Ephemeroptera 

Ephemeve I  la 
Hhithrogena 
Bae tis 
Leptophlehia 

Trichoptera 

Hydropsyahe 
Hi/dropti  la 

Plecoptera 

Isogenus 
Isoperla 
Allaperla 
Capnia 

Diptera 

Simulium 

Orihooladius 

Cardiooladiue 

Diamesa 

Podonominae 


167 

64 

467 

1 


3 

1 


5 
9 

9 
2 


13 
920 
100 
200 

10 
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Appendix   C.  Bottom  Fauna  Analyses,  Yellowstone  River  Station 
2  (Mallard's  Rest),  December  16,  1974,  sampled  by 
Hester-Dendy. 


i-axa  Number 

Ephemeroptera 

Ephemevella  726 

Rhi Lhrogena  175 

Baetis  95 

Plecoptera 

Isogenus  7 

Isoperla  222 

Alloperla  58 

Capnia  5 

Trichoptera 

Hy  dropsy che  38 

Rhyaaophila  1 

Ilydroptila  12 

Drachyaentrus  1 

Lepidostoma  4 

Genus  A  9 

Diptera 

Simulium  12 

Diamesa  140 

OrLhocladius  30 

Metriocnemus  10 

Cardioaladius  120 
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Appendix  C 


Bottom  Fauna  Analyses,  Yellowstone  River  Station 
1  (Corwin  Springs),  December  16,  1974,  sampled  by 
Hester-Dendy. 


Taxa 


Number 


Ephemeroptera 

Baetis 
Ephemera  I  la 
Ameletus 
Rhithrogena 
Brachycerous 

Trichoptera 

Hy  dropsy che 


223 
20 

6 
34 

1 


Plecoptera 

Capnia 

Isoperla 

Alloperla 

Nemoura 


13 

11 

1 

3 


Diptera 

Simuliurn 
Diamesa 
Orthocladius 
Cardiocladius 
Rheotany tarsus 


1 

347 

11 

24 
12 
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Appendix  C  .  Bottom  Fauna  Analyses,  Yellowstone  River  Station 
IF  (Glendive),  September  3,  1974,  sampled  by  Kick. 


Taxa  Number 

Ephemeroptera 

Travevella  37 

Heptagenia  1 

Daatylobaetis  5 

Centroptilum  2 

Baetis  43 

Diptera 

Sirnulium  14 

Chironomidae  1 


A-32 
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Appendix  C 


Bottom  Fauna  Analyses,  Yellowstone  River  Station 
20  (Cartwright,  North  Dakota),  September  11,  1974, 
sampled  by  Kick. 


^-aw". 


Taxa 


Number 


Ephemeroptera 

Brachycercus 

Ametropus 

Daatylobaetis 

Ephoron  album 

Ehithrogena 

Traverella 

Choroterpes 

Baetis 

Isonyokia 

Trichoptera 

Hydropsyche 

Hemiptera 
Corixidae 


1 

1 

8 

3 

18 

11 

7 

20 

1 


Diptera 

Chironomidae 

Simulium 


3 

4 


Oligochaeta 

Odonata 

Gomphus 

Coleoptera 

Gyraulus 


1 
2 
1 
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Appendix   C  .  Bottom  Fauna  Analyses,  Yellowstone  River  Station 
1F-6  (Glendive),  September  25,  1974,  sampled  by 
Hester-Dendy. 


"axa  Number 


Trichoptera 

Chewnatopsyohe  11 

Hydropsyche  65 

Plecoptera 

Isogenus  2 

Isoperla  9 

Brachyptera  4 

Ephemeroptera 

Rhithrogena  20 

Heptagenia  6 

Ephemerella  1 

Tricovy th.od.es  minutus  1 

Diptera 

Chironomidae  52 

Simuliwn  4 

Oligochaeta  2 

Coleoptera  1 


A-34 
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Appendix  C  .  Bottom  Fauna  Analyses,  Yellowstone  River  Station 
1F-5  (Glendive),  September  25,  1974,  sampled  by 
Hester-Dendy. 


Taxa  Number 

Trichoptera 

Cheumatopsyche  15 

Ilydropsyohe  27 

Plecoptera 

Isoperla  3 

Braahyptera  1 

Ephemeroptera 

Rhi throgena  3 

Baetis  14 

Eeptagenia  13 

Diptera 

Chironomidae  34 

Simulium  16 

Oligochaeta  3 


A--ar, 


00 


Appendix   C 


Bottom  Fauna  Analyses,  Yellowstone  River  Station 
1F-4  (Glendive),  September  25,  1974,  sampled  by 
Hester-Dendy. 


axa 


Number 


Trichoptera 

Hy  dropsy che 


55 


Plecoptera 

Isoperla 
Braahyptera 


2 
5 


Ephemeroptera 

Rhithrogena 

Baetis 

Hep tagenia 

Traverella 

Trioorythodes 


2 

11 

10 

1 

1 


Diptera 

Chironomidae 

Simulium 
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Appendix  C  .  Bottom  Fauna  Analyses,  Yellowstone  River  Station 
IF- 3  (Glendive),  September  25,  1974,  sampled  by 
Hester  Dendy. 


. 


Taxa  Number 

Trichoptera 

Cheumatopsyahe  3 

Hy  dropsy che  35 

Plecoptera 

Isoperla  28 

Ephemeroptera 

Baetis  27 

Heptagenia  27 

Dae  ty  lobae  tis  2 

Traverella  1 

Ephemerella  1 

Diptera 

Chironomidae  6 

Simulium  24 
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Appendix   C.  Bottom  Fauna  Analyses,  Yellowstone  River  Station 
1F-2  (Glendive),  September  25,  1974,  sampled  by 
Hester-Dendy. 


Taxa  Number 

Trichoptera 

Cheumatopsyohe  20 

Hydropsy 'che  19 

Plecoptera 

I  a  op  er  la  6 

Ephemeroptera 

Baetis  32 

Heptagenia  7 

Tvaverella  1  ' 

Diptera 

Chironomidae  2 

Simuliwi  10 

Oligochaeta  1 


v.-- 


A-30 


w 


Appendix  C  .  Bottom  Fauna  Analyses,  Yellowstone  River  Station 
1F-1  (Glendive),  September  25,  1974,  sampled  by 
Hester-Dendy. 


Taxa  Number 

Trichoptera 

Chewnatopsyche  13 

Hy dropsy ahe  18 

Plecoptera 

Isopevla  11 

Ephemeroptera 

Baetis  38 

Heptagenia  5 

Diptera 

Daatylobaetis  4 

Chironomidae  5 


w^. 
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Appendix  Dc  Bottom  Fauna  Analyses,  Yellowstone  River  at  Miles  City  November 
10,  1975. 


Organism 

1 

Number 
2 

in  Waters' 
3    4 

Sampler 
5 

6 

Epiiemeroptera 

Baetis   two- tail 
Ephemerella 
Tricorythod.es 
Heptagenia 

22 

1 

2 

2 
3 

1 
1 

2 
1 

5 
2 

2 

5 

4 

Plecoptera 

Isoperla 
Brachyptera 

1 

1 

1 

4 

Trichoptera 

Hy  dropsy che 
Cheumatopsyche 
Brachy centrus 

15 

20 

4 

40 
4 
1 

2 

17 

Diptera 

Chironomidae 

Eexatoma 

49 

45 

23 

47 
1 

32 

29 

Coleoptera 

Microcy I loepus 

1 

1 

Oligochaeta 

3 

3 

9 

7 

4 

Total  Number  = 

94 

73 

33 

109 

45 

63 

X  =  70 

Total  Number/m^  = 

1016 

789 

357 

1178 

486 

681 

X  =  751 

a   *  311 

~v_^ 
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Appendix   .  Bottom  Fauna  Analyses,  Yellowstone  River  at  Gl endive 
November  10,  1975 


Organism 

1 

Number 
2 

in  Waters' 
3    4 

Sampler 
5 

6 

Ephemeroptera 

Choroterpes 

Heptagenia 

Baetis   two- tail 

Triaorythodes 

Ephemerella 

Daetylobaetis 

BraohycevGus 

Ametetus 

I 
1 
2 

1 
1 

4 
5 

1 

3 

1 

1 

1 
1 

10 

6 
1 

1 
1 

Plecoptera 

Isogenus 
Isoperla 

I 

1 

Trichoptera 

Hydropsyche 
Cheumatopsyahe 

1 

1 

33 
12 

2 

2 

78 

7 

Diptera 

Chironomidae 
Ceratopogonidae 

Simulium 

36 

39 

32 
1 
1 

50 

73 

41 

Oligochaeta 

14 

16 

16 

15 

7 

43 

Total  Number  =     55    58   106    72    85   188         J  =     92 
Total  Number/m2  =  594   627  1146   778   919  1924         X  =  998 

a   =  497 
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Appendix  D„  Bottom 

Fauna 

Analys 

es,  Y 

el lowstone  R 

iver  at  Miles 

City 

September  8, 

1975. 

Number 

in  Waters' 

Sampl 

er 

Organism 

1 

2 

3 

4 

5 

6 

Ephemeroptera 

Traverella 

24 

3 

16 

6 

1 

6 

Tricorythod.es  minu 

tus  2 

10 

5 

5 

12 

Baetis   two- tail 

44 

52 

38 

49 

18 

18 

Daoty lohae tis 

1 

3 

5 

4 

5 

1 

Baetis   three-tail 

16 

10 

10 

17 

1 

6 

Ifeptagenia 

1 

1 

4 

Ephoron 

4 

1 

2 

Rhithrogena 

1 

2 

3 

1 

1 

Trioorythod.es   sp.> 

2 

1 

1 

Choroterpes 

2 

Trichoptera 

Hydropsyohe 

87 

75 

130 

81 

80 

57 

Cheumatopsy  che 

3 

10 

7 

3 

Diptera 

Simuliidae 

13 

2 

1 

3 

6 

Chironomidae 

12 

25 

31 

15 

9 

40 

Coleoptera 

Miavoaylloepus 

1 

1 

Plecoptera 

Isoperla 

1 

X  = 

Total  Number  = 

204 

187 

252 

193 

125 

147 

184.7 

Total  Number/ m^  = 

2205 

2021 

2724 

2086 

1351 

1589 

X  = 

a  = 

1996.0 

482.5 

A -4  2 
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Appendix  D.  Bottom  Fauna  Analyses,  Yellowstone  River  at  Intake 
September  9,  1975. 


Organism 

1 

Number 
2 

in  Waters' 

3    4 

Sampl 
5 

er 

6 

Ephemeroptera 

Traverella                       7 
Triaovythodes  minutus  1 
Hupkagenia                      1 
Baetis    three-tail    1 
Baetis    two-tail 
Dcvi'-tylobaet-is 

6 
1 

3 
1 

1 

2 

1 

I 
2 

1 

4 
1 

3 

Trichoptera 

Hydvopsyche 

8 

17 

4 

14 

13 

Diptera 

Chironomidae 
Simuliidae 

2 

1 

Plecoptera 

Isoperta 

2 

X  = 

Total  Number  = 

18 

30 

8 

17 

4 

21 

16.3 

Total  Number/ m^  = 

195 

324 

86 

184 

43 

227 

X  = 

a  = 

176.5 
100,7 

A-43 


Appendix  D.  Bottom  Fauna  Analyses,  Yellowstone  River  at  Sidney 
September  9,  1975„ 


Organism 

1 

Number 
2 

in  Waters' 
3    4 

Sampl 
5 

er 
6 

Ephemeroptera 

Braehyoereus 
'frioorythodes  minutus 
h'phcn'on  album 
Ephemerella 
llcptcicjcnia 
Choroterpes 

2 
3 
1 
1  ' 

1 
1 

2 
1 

1 

1 

1 

5 
1 

Trichoptera 

Hydropsyahe 

4 

5 

7 

7 

1 

10 

Odonata 

Gornjjhus 

1 

Oligochaeta 

3 

Diptera 

Chironomidae 

2 

5 

2 

5 

X  = 

Total  Number  = 

9 

17 

9 

12 

2 

24 

12.2 

Total  Number/m^  = 

97 

184 

97 

130 

21 

259 

X  = 

a  = 

131.3 
82.0 

A-44 
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Appendix  D.  Bottom  Fauna  Analyses,  Yellowstone  River  at  Miles  City 
August  5,  1975. 


Number 

in  Wa 

ters1 

Sampl 

er 

Organism 

1 

2 

3 

4 

5 

6 

Ephemeroptera 

Traveve  ~l  la 

2 

3 

5 

7 

7 

38 

Tricorybhodes  minutus  5 

4 

6 

3 

5 

9 

lie)  >  bc.it  jenia 

1 

1 

6 

Ephemeretla 

1 

34 

Daetylobaetis 

1 

Rhibhrogena 

2 

2 

2 

3 

Baebis   three-tail 

1 

6 

Isonychia 

1 

6 

Baebis   two-tail 

1 

2 

2 

2 
1 

Trichoptera 

Hydropsyahe 

1 

8 

13 

6 

16 

57 

Bcphocalla. 

1 

Bra  aki /  a  en  bru s 

1 

Plecoptera 

Isogenus 

2 

Isoperla 

6 

Acvoneupia 

1 

Diptera 

Chironomidae 

2 

1 

1 

2 

1 

Simuliidae 

2 

6 

1 

7 

8 

Tipula   sp 

1 

Coleoptera 

Sbenelmis 

2 

Microcylloepus 

8 

X  = 

Total  Number  = 

13 

21 

34 

24 

105 

126 

54 

Total  Number/m  = 

141 

227 

367 

259 

1135 

1362 

o   = 

581.8 
526.4 

c 
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Appendix  D.  Bottom  Fauna  Analyses,  Yellowstone  River  at  Gl endive 
August  7,  1975„ 


J 


Number 

in  Waters' 

Samp! 

er 

Organism 

1 

2 

3 

4 

5 

6 

Ephemeroptera 

Traocrella 

22 

4 

16 

5 

3 

3 

Tricovythodes  minutus  2 

3 

2 

3 

1 

1 

Bar.bis   three-tail 

2 

1 

3 

2 

Bvachyeeveus 

1 

1 

Heptagania 

I 

1 

Ephemerella 

5 

1 

Baetis   two-tail 

1 

1 

Daatylobaetis 

1 

1 

1 

4 

Isonyohi-a 

1 

Trichoptera 

Hydropsyahe 

24 

6 

19 

6 

26 

10 

Diptera 

Chironomidae 

2 

1 

X  = 

Total  Number  = 

51 

23 

39 

15 

41 

18 

31 

Total  Number/m^  = 

551 

249 

422 

162 

443 

195 

X  = 

a  = 

337 
156.7 

A-4t 


Appendix  D„  Bottom  Fauna  Analyses,  Yellowstone  River  at  Intake 
August  7,  1975. 


Organism 

1 

Number 
2 

in  Waters' 
3    4 

Sampl 
5 

er 
6 

Ephenieroptera 
Travere I  la 
Trioorythodes  minu 
Dactylohaetis 

Ili'1'ba.ijenia. 

Brachiyaeraus 
Hhithrogena 
Baetis   two-tail 
Baetis   three-tail 

7 

tus  2 
2 
1 

10 

6 
1 
1 

1 
2 

17 

1 

4 

15 
2 

3 
2 

16 
1 

3 

1 

18 

1 
4 

Trichoptera 

Hydropsyahe 

10 

3 

4 

6 

8 

22 

Plecoptera 

Isoperla 

1 

Oligochaeta 

1 

X  - 

Total  Number  = 

22 

24 

27 

28 

29 

46 

29 

Total  Number/m2  = 

238 

259 

292 

303 

313 

497 

X"  = 

a  = 

317 
92,6 

^tu, 


A-47 


Appendix  D,  Bottom  Fauna  Analyses,  Yellowstone  River  at  Sidney 
August  7,  1975. 


v 


Organism       1 

Number 
2 

in  Waters' 
3    4 

Sampler 
5 

6 

Ephemeroptera 

Traveve lla                       11 
Braahycerous                   4 
Triaorythodes  minutus  5 
Baetis   three-tail 

//('I'Unjenia 
Isonyohia 

11 
6 

4 
1 

16 
2 
9 

5 

3 
1 

1 

4 
2 

7 

2 

3 

3 

■1 

? 

Trichoptera 

Hydropsyahe                      7 

LeptoceVLa 

8 
1 

5 
1 

5 

Diptera 

Simuliidae         1 
Chironomidae 

3 

1 

2 

X  - 

Total  Number  ■     28 

34 

34 

10 

22 

9 

23 

Total  Number/m2  =  303 

367 

367 

108 

238 

97 

X  = 

a   = 

247 
121.5 

. 
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Appendix  D.  Bottom  Fauna  Analyses,  Yellowstone  River  at  Miles  City 
October  8,  1975u  ' 


Orqanism 

1 

Numbers  in 
2     3 

Waters' 

4 

Sampl 
5 

er 
6 

Ephemeroptera 

llapbagcnia                        4 
Tvaveve lla                       1 
Ephemevella                      1 
Tvioovybhodes  minutus 
Baetis   two- tail     21 
Baetis  three-tail    1 
Chovotevpes                      1 
IJaa  by  lobaetis                  2 
Rhi bhvogena 

8 

8 

4 

2 

4 
1 

40 
2 

3 

8 

3 
1 

13 

2 

27 

1 
1 

12 
3 

1 

1 

1 

12 
2 

Plecoptera 

Isopevla 

1 

Trichoptera 

Hydropsyche 
Bvaahyoentvus 

31 

38 
1 

78 
1 

28 

6 

34 

Di  ptera 

Chironomidae 

Empididae 

Simuliidae 

13 
2 

46 

5 

24 

14 
1 
3 

19 
1 

Oligochaeta 

2 

2 

4 

Odonata 

Gomphus 

1 

X  = 

Total  Number  = 

77 

110 

134 

81 

70 

74 

91 

Total  Number/nr  = 

832 

1189 

1448 

875 

757 

780 

X  = 

980 

a  = 

277.62 

A -4  9 


Appendix  D.  Bottom  Fauna  Analyses,  Yellowstone  River  at  Glendive 
October  9,  1976. 


'..g^J1' 


Organism 

1 

Number 
2 

in  Wat 

3 

ers' 
4 

Sampler 
5 

6 

Ephemeroptera 

Heptageni-a 

Tr  u  -oi'ii  bhodes  rninu  I 

Daebylobaetis 
Baetis   two-tail 
Baetis  three-tail 
Tricorythodes   sp.x 
Tvaverella 

3 

AS   2 

2 

15 
2 
1 

3 
2 

1 

1 
2 

8 

4 

4 
2 
4 
7 

1 
1 

2 
2 

1 

1 
1 

Trichoptera 

Hydropsyohe 

74 

6 

38 

46 

15 

5 

Oligochaeta 

8 

11 

22 

5 

12 

19 

Diptera 

Chironomidae 

4 

22 

11 

7 

3 

3 

Total  Number  =     116    45    86    75    36    30         X~  =  65 
Total  Number/m2  =  1254   486   929   811   389   324         X  =  698.8 

a  =   362.09 


A-DU 
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Appendix  D.  Bottom  Fauna  Analyses,  Yellowstone  River  at  Intake 
October  9,  1976. 


Organism 

1 

Number 
2 

in  Wat 
3 

.ers' 

4 

Sampl 
5 

er 
6 

Ephemeroptera 

Traverella                        1 
Hep  baijewia                    25 
Tricorythodes  minutus  6 
Stenonema                           1 
Baetis   two-tail     9 
Baetis   three-tail 
Brachyoevcus                    1 
Daatylobaetis 
Chorotevpes 

2 

1 

1 
1 

8 
1 

2 

2 

9 

1 

1 
1 

22 
4 

2 

Trichoptera 

Hydvopsyahe 

45 

9 

10 

3 

5 

7 

Diptera 

Chironomidae 

29 

3 

15 

26 

11 

45 

Oligochaeta 

38 

6 

30 

5 

4 

48 

Coleoptera 

Micro cylloepus 

1 

X  = 

Total  Number  = 

156 

23 

64 

38 

32 

128 

74 

Total  Number/rrr  = 

1686 

249 

692 

411 

346 

1383 

X  = 

a  = 

794  „  5 
599.56 

A-51 


Appendix  D0  Bottom  Fauna  Analyses,  Yellowstone  River  at  Sidney 
October  9,  1975. 


Organism 

1 

Number 
2 

in  Waters' 
3    4 

Sampl 
5 

er 
6 

Ephemeroptera 

Dacty'lobaetis 
Hcptagenia 
Baetis   three- tail 
Baetis   two-tail 
Trioory thodes  mini 
Traverella 

4 

1 
1 

tus 

2 

1 

3 
7 
2 
1 

10 
3 
1 
3 

II 
14 
2 
2 
2 
1 

6 
4 
2 

2 
1 
1 

Trichoptera 

Hydvopsyohe 
Cheimatopsyohe 

16 

11 

28 

17 

84 
4 

19 

Diptera 

Chironomidae 
Ceratopogonidae 

7 
1 

13 

21 
1 

25 

24 

16 

Oligochaeta 

2 

6 

5 

8 

2 

I 

Coleoptera 

Dubiraphia 
Miarooy I loepus 

1 

1 

X  • 

Total  Number  = 

32 

33 

68 

67 

148 

52 

=     67 

Total  Number/m^  = 

346 

357 

735 

724 

1600 

562 

X  = 

a  - 

'   720.6 
«  462o87 

, 


A-52 


Appendix  D. 


Bottom  Fauna  Analyses,  Yellowstone  River  at  Livingston 
November  7,  1975. 


Organism 

1 

Number  in  Waters'  Sampler 
2    3    4    5    6 

Ephemeroptera 

Ephemerella  inevmis   83 
Ephemerella  doddsi 
Ephemerella  grandis     9 
Baetis   three- tail    1 
Ameletus 
Rhithrogena                   18 

77 
1 

2 
2 

15 

53 
4 

61 

221 

2 

24 

60 

Trichoptera 

Hydropsyohe 
Cheumatopsyohe 
Aratopsyche 
Psychomyia 

C'loasosorna 

Hydroptila 

Braohyaentrus 

Lepidostoma 

Athripsodes 

90 
7 

2 
3 

30 

28 

74 

1 

125 

15 

1 

11 
5 

96 

8 
I 
3 

1 
7 
4 
14 
1 

421 
30 

7 

2 
14 

5 
42 
37 

1 

Plecoptera 

Alloperla 
Isogenus 
Aoroneuria 
Pteronaroys 

6 
2 

6 

5 

1 

2 

13 
2 

3 

Diptera 

Chironomidae 

Atherix 

201 
10 

212 

157 
11 

113 
29 

Uc.xatoma 
Simulium 

1 
1 

Oligochaeta 

2 

Total  Number  = 

565 

474 

431 

1026 

X  -  624 

Total  Number/m2  = 

6107 

5123 

4658 

11089 

X  ■  6744 
a   -  2958 

c 
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Appendix  Dc  Bottom  Fauna  Analyses,  Yellowstone  River  at  Corwin  Springs 
November  7,  1975„ 


Organism 

1 

Number 
2 

in  Waters'  Sampler 
3    4    5 

6 

Ephemeroptera 

Ephemerella 

Ephemerella 

Baetis 

Ephemerella 

Ame'letus 

Rhithrogena 

inermis 
doddsi 

grandis 

83 
1 
2 

48 

5 
2 
1 

16 

59 
1 

2 
2 

21 

91 
2 

24 

Plecoptera 

Pteronarays 
Acroneuria 
Isogenus 
Alloperla 

8 
2 
1 

1 
1 

4 

2 

4 

9 

2 

Trichoptera 

Hydropsyohe 

Psyahomyia 

Glossosoma 

Arctopsyahe 

Hydroptila 

Lepidostoma 

Chewnatopsyche 

190 

35 

4 

2 

49 

30 

56 
2 

133 

125 

75 

20 

5 

47 

4 

653 

10 

48 

4 

21 

30 

Diptera 

Chironomidae 

Atherix 

Hexatoma 

Simulium 

112 
6 

91 
2 
2 

1 

118 
1 

186 
1 
1 

Coleoptera 

Optioservus 

3 

Acari-Hydracarina 

2 

7 

3 

Oligochaeta 

2 

Total  Number  =     500   393   492  1090 
Total  Number/m2  =  5404  4248  5318  11781 


X  -  619 
X"  =  6688 
a  =  3435 


A -54 


Appendix  D  .  Botton  Fauna  Analyses,  Yellowstone  River  at  Intake, 
November  11,  1975, 


Organism 

1 

Number 
2 

i  n  Waters ' 
3    4 

Samp! 
5 

er 

6 

Ephemeroptera 

Tricorythodes 
Baetis 

Heptagenia 

Ephemerella 

Daatylobaetis 

1 
6 

4 

1 
4 
1 
2 
1 

1 
3 

1 
3 

12 

6 

1 

1 

Plecoptera 

Braohyptera 
Isoperla 

3 

2 

1 

1 

1 

1 
2 

Trichoptera 

Hydropsyohe 

21 

39 

12 

Diptera 

Chironomidae 

Simuliwn 

1 

13 
1 

20 

23 

6 

24 

Oligochaeta 

2 

3 

7 

5 

1 

8 

X  = 

Total  Number  = 

38 

67 

31 

46 

8 

55 

41 

Total  Number/m^  = 

411 

724 

335 

497 

86 

594 

X  = 
a  = 

441 
221 

-Dj 


Appendix     D,     Bottom  Fauna  Analyses,  Yellowstone  River  at  Sidney 
November  11,   1975. 


Number 

in  Waters' 

Sampl 

er 

Organism 

1 

2 

3 

4 

5 

6 

Ephemeroptera 

Baetis 

5 

3 

4 

2 

Ueptagenia 

6 

1 

Plecoptera 

Braohyptera 

2 

2 

1 

Trichoptera 

Hydropsyahe 

11 

4 

17 

4 

17 

Diptera 

Chironomidae 

167 

43 

80 

17 

37 

24 

Ceratopogonidae 

1 

1 

Oligochaeta 

5 

3 

10 

3 

14 

7 

X  = 

Total  Number  = 

173 

71 

97 

44 

55 

51 

82 

Total  Number/m^  = 

=  1870 

767 

1048 

476 

594 

551 

X  = 

a  = 

884 
524 

WjijgfV 


& 
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Appendix  D.  Bottom  Fauna  Analyses,  Yellowstone  River  at  Glendive 
September  9,  1975. 


Organism 

1 

Number 
2 

in  Waters' 
3    4 

Sampl 
5 

er 
6 

Ephemeroptera 

Tricorythodes  minut 
Baetis   two-tail 
Daotylobaetis 
Traverella 
Tricorythodes   sp.X 

Il(-'ptagenia 
Braahycercus 
Baetis   three-tail 

us  1 
4 

2 

1 
1 

1 

7 

1 
2 

2 
1 
1 

9 

4 

1 
24 

2 

1 
1 

Trichoptera 

Hydropsyche 

8 

4 

9 

20 

38 

35 

Diptera 

Chironomidae 

4 

1 

14 

5 

5 

3 

Oligochaeta 

1 

1 

1 

4 

X  = 

Total  Number  = 

17 

7 

27 

36 

61 

71 

36.5 

Total  Number/m^  = 

184 

76 

292 

389 

659 

767 

X  = 

a  = 

394.5 
270.2 

A-57 


APPENDIX  E 


•w' 


A- 58 


MONTANA     DEPARTMENT     CE     FISH     ANC     GAVE 
RPT     i200.1  SPECIES     CIVERSiTV     ANALYSIS 

KAfiCH  17,1975 

station:      17-1       Hester-Dendy 

NUW8EW    of    samples:        I 

SAMPLING     PERIOD:        SEPT.     2  5  «     19  74 


RANK  A6LNDANCE 

1  3E 

2  1  6 

3  13 

4  li 

5  5 

6  5 

7  4 

TCTAL  94 


01  VERSI  TV 
MAXIMUM  DIVERSITY 
WAXIMCM  DIVERSITY 
MIN  IMUM  D  I  VERS!  TY 
REDUNDANCY 
E  VE,  NNE  S  S 
EQU  1TAB1L  ITY 
SPECIES  RICHNESS 


— 

2.39 

C  1  J     a 

6  .55 

(a  j   s 

2  .74 

= 

C.42 

- 

0.15 

- 

0.85 

- 

C.  3  6 

= 

2  .02 

PERCENT 

CE     TCTAL 

40 

,4 

19, 

£ 

i:-.e 

1  1.7 

S.3 

w    4 

»     w 

4.3 

100.0 

A-59 


?■.■#'  v  *  ■ 

NONTfllSA     0£FASrVENT     Of-     FISH     *NC     CAME 

KHT     2^00. i  SPECJfcS    DIVERSITY    ArvALYSIS 

1 

MARCH     17, 1975 


station:  i7-2          llester-Osndv 

NUMBER    OF  SAMPLES:         I 

SAI*Pl.I(\G    PERIUC:        S£PT«    25,     1974 

S*NK  ASUfcCANCE 

1  32 

2  20 

3  IS 

4  10 

8  7 

6  e 

7  2 

e  1 

TOTAL,  9  6 


DIVERSITY 


2  •  5  6 


MAXIMUM    DIVERSITY  (1)     -  fc.61 

MAXIMUM    DIVERSITY  (2)    =  3.22 

MNIMCM    DIVERSITY  =  c  .54 

REDUNDANCY  r  C.2E 

EVENNESS  s  0.81 

EQUITABILITY  s  0.39 

SPECIES    RICHNESS  a  2.1? 


p 

ERC 

ENT 

c 

F     TGTAL 

3  2 

.7 

20 

o* 

1  ? 

.4 

10 

.2 

7 

>i 

t 

.  1 

2 

.0 

1 

.0 

1 

=  0 

10  0.0 


A-60 


c 


kP  T  22  0  0,1 


MONTANA  DEPARTMENT  Qf     FISH  AND  GAME 
SPECIES  LIVEPSITY  ANALYSIS 
MAPCH  17*1 975 


station:       i?-3  Hester-Dendy 

Nuive.-iR   of    samples:      i 

SAMPLING    PfcKIOC:        SEPT.     25.      1574 


t 


RANK 

1 

2 

J 
4 
5 
6 
7 

a 

10 

TOTAL 


ABUNCAKCt 


28 
27 

27 

24 

€ 

2 
I 
1 


PE 

RCENT 

OF 

TOTAL 

22.  7 

ie.2 

i  7.5 

1  7.  5 

1 5 « e 

3,9 

l.<5 

1.3 

0.6 

c.e 

154 


10  0.0 


DIVERSITY 

MAXIMUM    DIVERSITY 
MAX  IMUM    U  IVEKSITY 
MINIMUM    DIVERSITY 
REDUNDANCY 
EVENNESS 
EQUITAEIHTY 
SPECI  ES    k  ICHNESS 


= 

5.70 

< 1 1 

a 

7.27 

(  2) 

= 

2.24 

- 

0.42 

- 

0.19 

= 

c.ei 

s 

0.3  7 

s 

2.33 

A-61 


MONTANA     DtPASIMLM'     Cf     FISH     AND     QAVt. 
HPT     ,r2G0„i  SPECIES     DIVERSITY     ANALYSIS 

MARCH     17,1975 

STATION:         17-4 

NUMBER   of    samples:       i  Hester-Dend.v 

SAMPLING    PEHIOO:        SEPT.     26.     1  <i  7  A 


RANK  ABUNDANCE 

2  12 

3  10 
A  7 

5  £ 

6  2 

7  2 
6  2 

«  1 

10  1 

TCTAL  96 


O  IVERSITY 

MAXIMUM  DIVERSITY 
MAXIMUM  DIVERSITY 
MINIMUM  DIVERSITY 
REDUNDANCY 

E  VENNESS 
ECU  IT  AEIl  ITY 
SPECIES    RICHNESS 


- 

Bm   14 

( I  ) 

- 

C  * 'd  O 

(  2) 

3 

3,2  7 

- 

C.  i  1 

* 

0.42 

* 

C.64 

S 

C.33 

S 

i  ,82 

PERCENT 

OF     TOTAl 

5  7 

.3 

I  1 

.  g 

10 

.4 

7 

•  3 

£5 

.£ 

2 

•  I 

2 

*I 

2 

.  1 

1 

.0 

1 

oO 

100.0 


! 


A-62 


HPT     2200. 1 


C 


WCNTANA     CEPARTMEKT     CF     FiSh     4MD     G^Wh 
SPEC  It.  S     DIVEPSIIY     ANALYSIS 
^ARCH     17,1575 


STMICM        I  1  -t 

NUMBER     OF     SAMPLES:  1  u        . 

Mester-Dendy 

SAMPLING     PER100:        SEPT.     25.     1974 


RANK 

I 
2 
3 


6 
7 
6 

y 

10 

TCTAL 


A8LNQANCE 

34 
27 

16 
1  5 
1  4 
1  J 

3 
3 
3 
1 

129 


PERCENT 

CF  TCTAL 

26 

•4 

20 

.9 

12 

o4 

1  1 

•  6 

1  C 

.9 

10 

.1 

2 

.3 

£! 

.3 

2 

oE 

0 

,8 

100.0 


D  1V2RS  ITY 
MAXIMUM     DIVERSITY 
MAXIMIK    DIVERS!  TY 
M  IN  IMUM    0  IVERSITY 
REDUNDANCY 
E  VENNESS 
ECU  IT  jSEIL  ITY 
SPECIES    RICHNESS 


<  1  ) 

<23 


2.E3 
7.01 
3.37 
C.49 
0.19 
CSS 
C.40 
2  .42 


A-63 


RPT     2200.1 


MONTANA     DEPARTMENT     CH     FISH     AN  0     QAV.E 
SPEC  It  £    DIVERSITY     ANALYSIS 
VARCh     17,19/5 


STATICM        17-6 

number   of    samples:       i  Hester-Dendy 

SAMPLING     PERIOD:        SEPT.     25*     1974 


RANK 

I 

2 
3 

£ 
6 
7 

a 

9 
10 
11 

12 
13 

TCTAL 


ABUNDANCE 

66 

£2 

20 

ii 

9 

e 

4 

4 

2 

2 
1 

1 
2 

176 


PERCENT 
CF     TOTAL 

3(6  .5 
2  9.2 
1  1.2 

6  .2 

5*1 

3.4 

2.2 

2.2 

1.1 

1  .1 

C.6 

0  .6 

0.6 

100.0 


DI  VERSITY 
MAXIMUM    DIVERSITY 
MAXIMUM    DIVERSITY 
MIN  IMUM    DIVERSITr 
REDUNDANCY 
EVENNESS 
EGU  IT  A8IL  ITY 
SPECIES    RICHNESS 


— 

2.55 

{ I )  = 

7  .4fc 

(2)     = 

3.69 

= 

CSC 

- 

0.36 

ft 

0.69 

= 

C.34 

~ 

2  .2  1 

^ 


A-64 


c 


MONTANA     DEPARTMENT     Cf     FISH     AH£     Q£ME 
RiU     2200.1  SPECIES     DIVERSITY     Ai\ALYSIS 

(MARCH     1?,  1<;75 

station:      20 

number   of    samples:      i  Kick 

SAMPLING    Pfcfiluo:       SCPT.    11,     19?4 


PERCENT 

RANK                                     ABUNDANCE:  CF     TCTAL 

1  20  21. S 

2  IE  19.4 

3  11  i  1  .  fc 

4  9  9.7 

5  a  8»e 

6  7  7.5 

7  4  <4.3 

8  3  2.2 

5  2  3.2 

10  3  2.2 

11  2  2.2 

12  1  1.1 

13  1  1.1 

14  1  1.1 

15  1  1.1 

16  1  1.1 

TOTAL  93  10C.0 


DIVERSITY 

MAX  1MUM    0  IVERSITY 
MAX  IWSJW    O  IVEHS  £TY 
MINIMUM    DIVERSITY 
REDUNDANCY 
EVE  f^NESS 
EQUiTABILI TV 
SPECIES     RICHNESS 


- 

3.36 

1 1 )  = 

C  54 

C2  J    = 

3.9  6 

= 

1  .04 

= 

C  •  i:  1 

= 

o .  a  4 

* 

0«S1 

= 

2. €4 

A-65 


MONTANA     DEPARTMENT     CF     H  EH     AND     CAVt 
HPT    2200.1  SPECIES     DIVERSITY     ANALYSIS 

MARCH  17,1975 

station:      17 

number   cf   samples:      i         Kick 

SAMPLING  PERIOD:   ScPT.  3.  1974 


RANK  ABUNDANCE 

1  43 

2  37 

3  14 

4  5 

s  a 

6  i 

7  1 

TCTAL  103                                               iOC.G 


DIVERSITY  =  l,«0 

MAXIMUM    DIVERSITY  (1)     =  6.69 

MAXIMUM    DIVERSITY  (2)     -  2-62 

MINIMUM     DIVERSITY  =  C.39 

R£DIjNOANCY  s  0,38 

EVENNESS  -  G.63 

ECUITAEILITY  =  0.26 

SPECIES     RICHNESS  a  1.62 


PEP  CENT 

OF     TOTAL 

4  1  .  7 

35.9 

1  3.6 

4.9 

US 

1.0 

1  .0 

A-66 


Vi-Vi/iOft;       1  Yellowstone  River 

HUM* £8    Of    SAftifiBS:       0004         Hester-Dendy 

SAfitLIHG    &.TKIG&:       I>£C.     16,     1974 


c 


KAN  K 

1 

2 
3 
H 

5 
6 

'? 

10 

ii 

12 

13 
14 
15 

TOTAL 


ABU KDAMC] 

347 

22  3 
34 
24 
20 
13 
12 
11 
11 

6 

3 

1 

1 

70  & 


PERCENT 
OF    TOT A 

4y„0 

31.5 

4.6 

3.4 

2.0 

l.fc 

1.7 

l.fc 

1.6 

O.b 

0.4 

0.1 

0.1 

0.1 

0.1 

100.0  ' 


DIVEKSIT* 
diAXlilbft    DIVERSITY 
MAXIMUM    D1¥ESSIT¥ 
MINIfcUK    DIVERSITY 
REDUNDANCE 
EV2MN  ESS 
EQUITAblLITI 
SPECIES    RICHNESS 


— 

2  .  u  b 

(1)  - 

&.  47 

(2)     - 

3.fa5 

= 

0.  1y 

= 

O.^b 

s 

0.53 

= 

0.22 

a 

1  .  hi 

A-67 


LPT    2200.1 


HCWTAKA    DLPAR1HEN?    OF    FISH    AND   GAME 
SPFtlLS    DiVFfsSIT*     ANALYSIS 
FY.MiUkhY     14     !b>7b 


■,, 


STATION;      2         Yellowstone  River 

NUJtBZB   OF   SAMPLES:      0004      Hester-Dendy 

SiBPLISG    PERIOD:       DEC .     16,     1974 


R  A  n  K 

1 

2 
3 
4 

5 

6 

7 

6 

9 
K 
11 
12 
13 

14 
15 

16 
17 
1b 

TOTAL 


a  £  U  K  l*  A  S  C  E 

726 

175 
140 

120 
95 
56 
3a 

'30 
12 
12 
10 

7 

5 

4 

1 

1665 


PERCE ST 

OF    TOTAJ. 

43. 

■  6 

13. 

.3 

10. 

>5 

6. 

.4 

7. 

.2 

5, 

,7 

3, 

.5 

2, 

.3 

1, 

,b 

0, 

,7 

0. 

7 

0, 

6 

0, 

5 

0. 

ft 

0. 

3 

0, 

.2 

0, 

.1 

0, 

D 

100.0 


DIVERSITY 
ftAXIfiUK    DIVEItSITX 
N  A  X I  ft  U  fli    D I V  E  li  S I T  Y 
HIMiaUH    DIVERSITY 
BEDUSDASC* 
EVENSESS 
EQUITABILITY 
SPECIES    BICHBSSS 


-- 

2.74 

(1)  - 

it.  /o 

(2)     - 

4.  16 

- 

0.  11 

* 

0.35 

a 

0.66 

= 

0  .26 

as 

2  .  4  b 

w. 


A-68 


Eii:l    22G0.1 


t1 


llOfii'JAWri    DLVAKT3ENT    OP    1*1  Si  j    AN  J    GAHB 
SPECIE'S    biVPR^IlY     Ak/iLiSJ5 
FEfcbUARY    14     1975 


(^ 


STA'i'.lON:       3        Yellowstone  River 

mohbee  op  sahsies:     oooa     Hester-Dendv 

5ABPL1SG    PERIOD;       OEC.     16,     1974 


EtlVK 
1 

3 

5 

6 

? 

tj 

9 
10 
11 
12 
13 
14 
15 

TOTAL 


kuUUDliiCI. 

920 
467 

200 

167 

100 

6*4 

13 

10 

9 

9 

3 

3 

2 

1 

1 

1971 


PibCE'N' 
OP    i'OTJ 

46.7 

2  3o  7 
10  •  1 

8 . 5 


0.7 
0.5 
0.5 
0.5 
G.3 
0.2 
0.1 
0,1 
0.1 

100.0 


DIVES SIT* 

HAXIflOfi    DXfUtSlT!     (1)     * 

HAXIHOM    DIVERSITY     (2)     ■ 

BlJlIHUf;    DIVERSITY 

EEDUUDAXCTt 

EVENNESS  = 

E&U1TABILITY 

SPECIES  RICHNESS 


J0.9*» 

3  •  o9 
0  «0B 
U  .  4  3 

0  •  -j  / 

O.iu 

2 .  03 


A-69 


MONTANA  DEPARTMENT  OF  FISri  AND  GAME 


KPT    2200.  1 


SPECIES    DIVERSITY    A«ALi5lS 
FEBKUAiif    14     1975 


,         / 


S1ATION:      m  Yellowstone  River 

VOBfiBfc   01-    SAMPLES:      0004     Hester-Dendy 

SABPLitik    PERIOD:       ore.     IS,     1974 


SANK 

3 

s 

6 
7 

6 

y 

10 

12 
TOTAL 


ABUNDANCE 

227 
130 

65 

65 

50 

30 

18 

10 

8 
6 


625 


PEhC 

llil 

OF    TOT A 

36 

•  3 

20 

.8 

10 

.4 

10 

.« 

8 

.u 

H, 

.8 

2 

,9 

2.2 

1. 

.6 

1. 

.3 

1, 

0 

0. 

3 

100.0 


DIV'E&SITI 
flAXlBUK    DIVSSSITX 
hAXIWUfl    DIVEHSITI 
aiNIHUH    D1VBESIIS 

SEDUNDA^CY 
EVE^is  ESS 
EQUABILITY 
bPECISi    wlCBNESb 


— 

2  .72 

(1)  - 

9.29 

(2)     - 

3 » t>  2 

= 

0  .  1  b 

B 

0.2^ 

=r. 

0.7b 

= 

0.29 

- 

^.43 

9 


A-70 


&ONTABA    DBPARlffiKMT    OP    PISH    AMD   GABE 
RPt    2200.1  SPECIES    DIVERSITY    ANALYSIS 

FEBRUARY    14    1975 

STATION:      4     Yellowstone  River 

NDHbEfa   OP   SAMPLES:      0004     Mester-Dendy 

SAMPLING    PERIOD:       DEC.     16,     1974 


RANK 

1 
2 

3 

5 

6 

7 

8 

9 
10 
11 
12 

TOTAL  625  100.0 


PERCENT 

ONDARCE 

OP  TOTAL 

227 

36.3 

130 

20.8 

65 

10.4 

65 

10.4 

50 

8.0 

30 

4.8 

18 

2.9 

14 

2.2 

10 

1.6 

8 

1.3 

6 

1.0 

2 

0.3 

DIVERSITY 
8AXIMDB    DIVERSITY 
HAXIftUh    DIVERSITY 
filNIHOa    DIVERSITY 
EZDinrOABCI 
EVENNESS 
EQUITABILITY 
SPECIES    RICHNESS 


- 

2.72 

m  = 

9.29 

(2)  = 

3.52 

= 

0.16 

= 

0-24 

= 

0.76 

- 

0.29 

- 

2.43 

A-71 


RPT  2200.1 


aOSTAIi  DEPARTHEMT  OF  PISH  A&D  GAME 
SPECIES  DIVERSITY  AHALISIS 
FEBRUARY  14  1975 


w 


STATIO&:      3        Yellowstone  River 

NUMBER   OP   SAMPLES:      0004         Hester-Dendy 

SAMPLING    PERIOD:      DEC.     16r    1974 


RANK 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 

TOTAL 


PERCENT 

ABUHDASCE 

OF   TOTAL 

920 

46.7 

467 

23.7 

200 

10.1 

167 

8.5 

100 

5.1 

64 

3.2 

13 

0.7 

10 

0.5 

9 

0.5 

9 

0.5 

5 

0.3 

3 

0.2 

2 

0.1 

1 

0.1 

1 

0.1 

1971 


100.0 


DIVERSITY 
MAXIMUM    DIVERSITY 
MAXIMUM    DIVERSITY 
MINIMUM    DIVEKSITY 
REDUNDANCY 
EVENNESS 
EQO IT ABILITY 
SPECIES    RICHNESS 


= 

2.24 

(1)  = 

10.94 

(2)     = 

3.89 

= 

0.08 

= 

0.43 

= 

0.57 

=> 

0.20 

as 

2.03 

w 


A-72 


c 


KPT    2200.1 


MONTANA    DEPARTMENT   OF    FISH    AND   6AHE 
SPECIES    DIVERSITY-    ANALYSIS 
FEBRUARY    14    1975 


STATION:      2         Yellowstone  River 

NOMBER   OF   SAMPLES;      0004      Hester-Dendy 

SAMPLING    PERIODS      DEC.     16,     1974 


I 


RANK 

1 

2 

3 

4 

5 

6 

7 

S 

9 
10 
11 
12 
13 
14 
'ib 
16 
17 
1b 

TOTAL 


PERCENT 

ABONDANCE 

OF    TOTAL 

726 

43.6 

222 

13.3 

175 

10.5 

140 

8.4 

120 

7.2 

95 

5.7 

58 

3.5 

38 

2.3 

30 

1.8 

12 

0.7 

12 

0.7 

10 

0.6 

9 

0.5 

7 

0.4 

5 

0.3 

4 

0.2 

-6 

0.1 

V 

0.1 

1665 


100.0 


DIVERSITY 
MAXIMUM    DIVERSITY 
MAXIMUM   DIVERSITY 
HINIMOM    DIVERSITY 
REDUNDANCY 
EVENNESS 
EQO IT ABILITY 
SPECIES    RICHNESS 


= 

2.74 

(1)  • 

10.70 

(2)     - 

4.16 

= 

0.11 

= 

0.35 

= 

0.66 

- 

0.26 

- 

2. 48 

A-73 


HPT    2200-1 


ftOBTAVA    DEPAHTHEHT    OF    FISH    AND   GAME 
SPECIES    DIVERSITY    IBM. ISIS 
PEBBOA&Y    14    1975 


STATION:      1        Yellowstone  River 

1SUKBER    OF   SAMPLES:      0004       Hester-Dendy 

SAMPLING    PEEIOD:       DEC-    16,     1974 


RAHK 

1 

2 

3 

ft 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 

TOTAL 


PEfiCKHT 

ABO  8 DANCE 

OF    TOTAL 

347 

49.0 

223 

31-5 

34 

4.8 

2H 

3.4 

20 

2.8 

13 

1.8 

12 

1.7 

11 

1.6 

11 

1.6 

6 

0.8 

3 

0.4 

1 

0.1 

H 

0.1 

1 

0.1 

X 

0.1 

708 


100.0 


DIVERSITY 
MAXIMUM    DIVERSITY 
HAXIBOH    DIVERSITY 
ftlHIHDH    DIVERSITY 
BEDOMDASCY 
EVEHIESS 
EQOITABILITY 
SPECIES   BICHJ8ESS 


(2)    = 


2.09 
9.47 
3.85 
0.19 
0.48 
0-53 
0.22 
1.87 


w' 


A-74 


KPT   2200.1 


c 


aOJIXMA    DKPARTME8T   OP    FISH    AMD   GIBE 

SPECIES    DIVERSITY    ANALYSIS 
FEBRUARY     14    1975 


STMlOfcs       18  Yellowstone  River 

HOHBER   OF   SAMPLES:      0004     Hester-Dendy 
SAMPLING    PERIOD:       DEC.     17,    1974 


\^ 


BANK 

2 
3 

4 
5 

& 
1 

a 

9 
10 

11 

12 
13 

14 
15 
16 

^7 

TOTAL 


PERCENT 

ABOMDAMCE 

OF  TOTAL 

63 

39.9 

29 

18.4 

17 

10.8 

13 

8.2 

9 

5.7 

7 

4. a 

b 

3.2 

3 

1.9 

2 

1.3 

2 

1.3 

2 

1.3 

1 

0.6 

' 

0.6 

1 

0.6 

D 

0.6 

1 

0.6 

1/ 

0.6 

158 


100.0 


DIVERSITY 

MAXIMUM    DIVERSITY 
ttAXlMHB    DIVERSITY 
KIHItfOtt    DIVERSITY 
RBDUNDAfCI 
EVE K HI  ESS 
EQOITABILITY 
SPECIES    RICHNESS 


= 

2.64 

(1) 

= 

7.30 

(2) 

- 

3.91 

- 

0.73 

= 

0.34 

= 

0.69 

- 

0.39 

St 

2.45 

A-75 


PPT    2200.  1 


ft  OUT  ANA    DLPAS  TRENT    OS    FI5;i    AND   GAftE 
SPECIES    DIVERSITY     ANALYSIS 
FLoRUAR?    14    197  5 


STATION:       18        Yellowstone  River 
NUKBEB    Of    SAMPLES:      0004      Hester-Dendy 
S&HPLING    PEfclOD:       DEC.     17,     197  4 


EANK 

1 
2 
3 

4 

5 
6 
7 
8 

9 

10 
11 
12 

13 

14 
lb 
16 

17 

TOTAL 


AL.UMDASCT 

63 

29 
17 

13 
9 
7 


2 
2 
1 
1 
1 
1 
1 
1 

156 


PERCENT 
OF    TOTAL 

39.9 
lb. 4 

10.8 
8.2 
5.7 
4.4 
3.2 
1.9 
1.3 
1.3 
1.3 
0.6 
0.6 
0.6 
0.6 
0.6 
(.6 

100.0 


I/X?  TfihS  I?  ¥ 

- 

2.  6' 4 

BSAXIHUM    DIVERSITY 

O) 

= 

7.30 

HAXIBOM    DIVERSITY 

(2) 

s 

3.91 

ammm  diversity 

- 

0.73 

hEUDUUhtiCY 

St 

0.34 

EVEMKESS 

Si 

0  .  6  9 

EQU1TABILIT7 

- 

0.39 

SPECIES    RICHNESS 

- 

2.45 

A-76 


rfOalAIiA    DF.P  JUif  tfPItT    Ok    %'lSri    I  k\'i    fi  A;iJ 
.J  .      /^:;u.'l  ji/aii;    ui  VL  is  ji  1  Y    at  A. LYSIS 

/tPi.Ii,    '">,  197*3 

.1 1  a  r  i  o  d :      i  s 

lib  ribiitt    01'    T  f» iiP  t..'';i :       4 

o  A  fi tJL  I B 0    i;  * •'■  lu  u :       jJ  jiC.  17,  1  ?  7  U 


a  1A  K 

1 

2 

j 

4 


^ 


0 

h  bh  'rti 

21 

3  7 

1b 

6 

2 

.1)1  V  iu'/jl'Ji 

BAXirf  JT    j-  ...  V'-!«  31  xY     ( 1  ) 

tflA.K  iiiiJ'i    £  i  v  lino  IT  i"     (2) 

d  E DUtiD A. iCl 

6  V  £  N  Ji  £  i>  3 

JSQUil  ALxL  ix'i 

S  t'  £  Ci  .j  S    U  x  C  H  .H  £  S  5 


i..tc  :i  1 

Ci 

LOT  A I 

3  o .  5 

2  3.0 

21.6 

c .  0 

2.7 

2.7 

2.7 

2.7 

1.4 

d  1 

T  Oi'  ml  7  4  1  u  C.  0 


i.  . 

41 

'"> . 

21 

z  » 

■;7 

0. 

6  *.,- 

0  • 

2i; 

u . 

7fc 

c . 

5° 

'a  I 

A-77 


lt^*****#4*4**$****t**4l**«*****t*!lt*)II**ii****i*****ii**ii***i;Aii*A*U****4*M  A***  *******- 


WONT  ANA     DEPARTMENT    OF    FISH     AND     GAME 
RPT    2200.1  SPECIES    DIVERSITY     ANALYSIS 

MARCH     17,1<57£ 

station:      i 

NUMScR    cf    samples:       1 

SAMPLING    PERIOD:        JAN.     13,      1975 


PERCENT 

RANK                                   ABUNDANCE  OF     TOTAL 

1  3  4  2  6 9 • Q 

2  33  6«6 

3  3  3  6.6 

4  20  4*0 

5  15  3.0 

6  15  3.0 

7  12  £.4 

8  11  2.2 

9  4  0.8 

io  4  c.e 

11  2  0.4 

12  2  C.4 

13  1  0.2 

14  1  0.2 

15  1  0.2 

TCTAL  497  100.0 


O  IVERSITY 

MAXIMUM  DIVERSITY 

MAXIMUM  OlVcKSITV 
MINIMUM  DIVERSITY 
REDUNDANCY 
EVENNESS 
ECU  IT  ABILITY 
SPECIES  RICHNESS 


s; 

1  .66 

(]    )      = 

e  .<36 

(2)     = 

3*6?. 

ss 

C.25 

- 

0.5  5 

— 

C.48 

ss 

0.21 

= 

1  .65 

w 


A-78 


\ 


EFT    2200.1 


ftONTASA    DEPAKTKEK1    OF    FlSii    AND    GAftE 
SPECIE^    DIVEES1T1     ANALY&IS 
FEBRUARY     14     15*75 


STATION:       2       Yellowstone  River 
NUHBEB    Of    SAKI'LES:       Kick 
SAMPLING    PE&IOI/:       a  AH.     13,     197  5 


&  A  &  K 

1 

2 
3 

5 
b 

7 
8 
9 

10 
11 
12 
13 
Ii) 
13 
16 
1? 
18 
19 
20 

TOIAL 


ABUNMMCE 

90 
tiG 
40 

3a 

2<j 
15 
10 

7 

6 

5 

4 

4 

3 

2 

ii 
2 
1 
1 
J 
1 

336 


PEHCEK1' 

OF  TOTAI 

26 

»tt 

23 

.6 

11 

.9 

10 

.1 

ti 

.3 

k 

.5 

3 

.0 

2 

,  1 

1 

.8 

1 

>  !> 

1 

^  a 

1 

=  2 

0 

.9 

0 

.6 

0 

.6 

0. 

.6 

0, 

.3 

0. 

,3 

0, 

,3 

0, 

►  3 

100.0 


DIVERSITY 
KAXlftUH    DIVERSII'tf 

JSAXIHUil    DIVERSITY 
H1HIIJUE    DIVERSITY 
fiLDUNDAxiCY 
EVENS  ESS 

EQUITA&lLXfY 
SPECIES    KICaNESS 


- 

3.11 

(1)  - 

3.39 

(2)  - 

4  .  33 

« 

0.4? 

- 

0  .  32 

= 

0.72 

= 

0.37 

* 

2  .  74 

A-79 


MONTANA     DEPARTMENT      CF     FISH     AND     Gj6I«S 
RPT    2200.1  SPECIES    DIVERSITY     ANALYSIS 

MARCH     17,1V7S 

station:      3 

number   of   samples.*      4 

SAMPLING    PERIOD:         JAN.      IS,     197S 


RANK  ABUNDANCE 

1  271 

2  1  73 

3  1S7 

4  48 

£  15 

6  a 

7  4 

a  <s 

9  3 

10  2 

11  1 

12  1 

13  1 

14  1 

lb  i 

TOTAL  6  9C                                              10C.C 


^ 


01  VERSI  TY 
MAXIMUM     DIVERSITY 
MAXIMUM    DIVERSITY 
MINIMUM    DIVERSITY 
REDUNDANCY 
fe  V£  K  NE  S  S 
EQUITA6IL  ITY 
SPECIES    RICHNESS 


= 

2.1  9 

(  i ) 

•= 

"5.4.3 

(2) 

~ 

3.  S3 

- 

0.19 

- 

C.4  5 

- 

0  .56 

= 

0.23 

= 

1.9  6 

PERCENT 

CF  TOTAL 

39, 

3 

2  5. 

1 

22. 

e 

7. 

0 

2. 

2 

L 

2 

Oc 

6 

c. 

fc 

0, 

4 

Oo 

3 

Co 

1 

0. 

1 

0. 

1 

0. 

1 

Oo 

1 

„ 
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^ 


MONTANA     CEPARTMENT     OF    FISH    AND    GAME 
RPT     2200.1  SPECIES    DIVERSITY     ANALYSIS 

MARCH     17.1S7E 

station:      4 

number  of  samples!   i 

sampling  period:   jan.  13*  197e 


PERCENT 

RANK                                   ABUNDANCE  OF     TOTAL 

1  16  0  5  7.1 

2  47  \e»e 

3  2  0  7 . 1 

4  i7  e«  i 

5  IS  £*4 

6  6  2.9 

7  4  1,4 
6  2  C»7 
Si  2  C .  7 

10  2  C.7 

11  1  C  ,4 

12  1  0-4 

13  i  C.4 

TOTAL  £80  100.0 


DIVERSITY 
MAXIMUM    Oi  VERS! TV 
MAX  1MUM    DIVERSITY 
MINIMUM    DIVERSITY 

REDUNDANCY 

EVEJsNESS 
ECLITABILITY 
SPECIES    £  ICHNESS 


= 

?..    1    1 

(1  > 

s 

8*13 

(  2) 

s 

3«£7 

- 

0  «  3  6 

:r_ 

C.A7 

= 

C.S7 

3 

0  «?fc 

B 

1.8£ 

A-81 


M3NT  AHA     DEPARTMENT     CF     FISH    AND     GAME 
KPT     2200.1  SPhCIES     DIVfcRSi'TY     ANALYSIS 

MARCH      17,  l«7S 

station:      12 

NOMBER     OF     SAKPLfeS:         1 

SAMPLING     PERIOD:         JAN.      13,      197S 


PERCENT 

RANK                                     A8UNCANCE  CF     TOTAL 

1  220  42.  1 

2  100  19»«: 

-  3*  7.C 

4  3o  7,0 

5  Je  7.0 
*  ,  2  C  .3  .  c, 
7  12  2.3 

e  ii  2.2 

10  a  i.a 

U  7  !.,£, 

»2  *  o.e 

13  4  O.S 

14  4  c#e 

15  1  0.2 

16  1  0.2 

*7  1  C.2 

16  1  c.2 

TOTAL  511  1CC.C 


01 VfcfiSI TY 
MAXIMUM    D  IVER  SI  TY 
WAXIMLM     DIVERSITY 
MINIMUM    01  VCRSI  TY 
REDUNDANCY 
EVENNESS 
EGUITABIL1TY 
SPECIES    RICHNESS 


~ 

2.74 

{ 1 )   = 

9.00 

(2)    = 

4.12 

= 

OoO 

- 

C.  26 

= 

0.66 

- 

O.JO 

a 

2.43 

w 
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i-  L    2„iu«. .  1 


u j  :■; ' i  j*  till    D rl t'  A  h i'  t i  a u  j     v i  k     i  I S  u    a  &  U    > ■> «  S  F ■ 
:;,.■  !•  C  l  »,  j    j  I  v  Li  i :;  i  i  2    a  u  &  lys  I S 


li'V^lOSi        1 


o  .;■'     .iar;t-i, 


al'L  [.NO 


*'    jK    i.U;J 


c  Ll>  .  14  , 1  J'71> 


H  w  ft 


■) 

J 

b 
7 

« 


U) 
11 
12 
1  3 
14 

1  3 

16 
17 
1d 
1rf 

20 
21 


.;7 

/I  J. 


h  B 

Utt  Dan 

1  1d4 

tj  4  0 

no 

1  b  0 

1  0  7 

'!  (1   4 

I    W  -  * 

■>  j 

'j  4 

4  3 

j  i 

PE.KCriNT 

L)i«'     TOTAL 


.3  0 
2rj 
17 
12 


4 


2.0 
2.7 


lj  .  u 

5.3 

i.  8 

J- 7 

1.3 

2.9 

l.  y 

1.5 

1.  1 

1.  1 

1.  1 

0 .  9 

C .  6 

0,  4 

0.  3 

i».  3 

.;  •  -i 

').  1 

0,  1 

(  .  1 

;.. .  1 

u.  1 

0.  1 

»•  1 


.O'r 


!817 


10  0.0 


i)  I  V  Sii  JIT  i 

SAXl.iOfi    L.-TV  ••.i;Si:"Y     {  1) 

MAXIS'Ofl    L'lVibSi'i'S     (z1) 

ifilii  i  t'lU  .'j    ...J  iv  j:,I.o  IT  Y 
R  ii  D  U  N  J  a  is  i,  1 
iV jj  i-is  23, -. 


i 


2.  a  4 

11.4  b 
4 .  fcj  2 
0 .  1  1 

o.y-2 

0.  ^b 
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MONTANA     DEPARTMENT     OF     FISH     AND     w\MJ 
KPT      2Z-J-.  .  1  ;>l::CItS    OIVlk'SITY    ANALYSIS 

JUNE     i-j.      197j 

STATION!       2-MALLARO     REST 
NUMBER    OF    SAMPLLS:         1 
SAMPLING    PERIOD:        Ff-3.  14,1  975 


RANK  ABUNDANCE 

1  2  73 

2  2<i4 

3  141 

4  91 

5  46 

6  42 

7  4  C 

a  17 

9  16 

1 0  13 

11  6 

12  J 

13  5 

14  4 

15  3 

16  2 

17  2 
IS  1 

TOTAL.  97  1 


DIVERSITY  »  2.36 

MAXIMUM    DIVERSITY  (1)     =  9.V2 

MAXIMUM     DIVERSITY  (2)    =  4«2C 

MINIMUM    DIVERSITY  =  C.17 

REDUNDANCY  =  C.J3 

EVENNESS  =  C  .  6cJ 

E  QUI  T  A  til  LI  T  Y  =  C  ,p  $ 

SPEC  It!  S     RICHNESS  -  2.o7 


PL 

.  i  C 

ENT 

OF 

rDTAt 

.1 

2  7 

.  2 

1  4 

#4 

M 

.  7 

4 

It  I 

1 

.  3 

1 

•  5 

1 

•    3 

.  e 

•  '5 
.5 

.  4 

^ 
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ciuN'14'Ni    J b  f  A i? 'X '6 ii  N '1     Oi"     L'OISh     ANu    GAMS 

._0u.  1  St'FlIfij    DlVlidoli'Y    ANALYSIS 

3'1'A'iICN:        3 


:;iUMb  .  H    0  c'    SAnI'Lt, 

.j  ft  i'i  i?  L.  X  IN  G     i  i;  is  L  0  i/  I 


F£ri,  14,1  3  7  6 


2  fl  is  .6 

1 

J 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 

14 

15 

lb 
17 

18 

19 

21 

22 
23 
24 

i'Oi'  AL 


Al'ilfaDAiK 

4J2 

22  7 

Z  U  I' 

130 

10  3 

93 

57 

42 
3d 
1  8 
10 
7 
5 

4 

4 

4 
3 


Piiaci 

;n? 

Oi 

•'     1'C 

TAL 

2  7 . 

7 

14. 

5 

1  3. 

4 

a. 

3 

5. 

0 

6. 

G 

3  . 

6 

J  • 

1 

3. 

7 

4-  • 

7 

/.  4 
1.2 


u  • 

o 

4 

0. 

3 

u  • 

3 

0. 

3 

0. 

3 

0. 

n 
/. 

0. 

1 

0  • 

1 

V    • 

1 

0. 

1 

156 


3.  1 


10  0.0 


QIV  v.,i(  3. j.  J'Y  = 

fetAililUfi    uxVEiHSITx  (1)     = 

MAX  I  ;i  1A    -  I?  t'K-i  T  I:  v:  (  2\     - 

RJiDUSIDAMCY 

EQ0IT  A-BILIi'I 

5 i' 2 C J. E S    h  i C  i.i riiS 3  = 


3.32 
10.61 

H  .   ..,.'  .J 

0.16 
0  •  2  ■;.! 
0.72 
U,  31 
3 .  0  0 
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li'i1  ^iK;.i 


jOii^'ASA     Ui.PAriTMEiN'i;    01'    FISH    AMD    GAME 
3jl'£CIKS     DI V  !;i>. .SI'i'i"    ANALYSIS 
APniL    *,1U75 


_ 


STATIC)  H:        !4 

l\  J fl li .;.,i(    0  i"     5A  Hi?  L-i  . 

S  A  t'i L;A.i  NG    PLftioLj 


B«  14,1975 


ii  A  «  K 


PEkCiiNI 
OF    IOTAL 


1 

2 

3 

<* 

t> 

6 

7 

3 

j 
10 
11 
12 
13 
14 
lb 
lb 
17 
18 
1  y 

2u 

«n 

2z! 
23 

1'0'iA.L 


u  4  a 

512 

4  '4  0 

42 

35 

2S 

28 

2C 

7 

7 

5 


4 
3 

3 

3 
3 
2 
2 
1 
1 


35.8 
2ti.  3 
24.3 
2.3 
1.  9 
1.6 
1.5 
I.  1 
0 .  4 
C .  4 
0.3 
0.3 
0.  3 
0 .  2 
C .  2 
0.2 
C  .  2 
C.2 
0.2 
0.  1 
0.  1 
0.  1 
C .  1 

1  'j  0  .  0 


i)  1 1/  i  ft  j  i.  j.  y 
hAAT.t'tU  b    OX  V  i  eiolf  i 
MAX'lfl  EJ'K    u  LV&Jtt  bITY 
MIHj'MUd     DIVERSITY 

r<isa  Lift  :)/•.  eh:  y 

£  V  i3  N  iM  23  3 

riyO  1 1  A  b  1 1,  j.  T  1 

S  i?  E  C I  r:3    ■.'■'  1 C  HN  EJ  3 


(2) 


2.  iv 

10. aa 

4.52 
0.  1  J 
0.  5  1 

0.51 
0 .  2  1 

7  -  il  4 


9 
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RPT  2200.1 


MONTANA  DEPARTMENT  OF  FISH  AND  GAME 
SPECIES  DIVERSITY  ANALYSIS 

OCTOBER  27.     1975 


station:   cor win  springs 

number  of  samplers: 

sampling  period:   march  10.  1975 


R  INK 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

TOTAL 


ABUNDANCE 

369 

310 

294 

to3 

61 

60 

60 

51 

51 

4-3 

2« 

20 

18 

18 

7 

7 

5 

4 

3 
3 

2 
2 
2 
2 
2 
I 
I 
1 
I 
i 
1 

150  7 


PERCE 

NT 

OF  TOTAL 

25. 

3 

20. 

6 

19. 

5 

4. 

2 

4. 

0 

4. 

0 

4. 

0 

3. 

4 

3c 

4 

2  c 

9 

1. 

6 

h 

3 

1  C 

2 

1. 

2 

Oc 

5 

0. 

5 

Oc 

3 

0, 

3 

Oc 

2 

0. 

2 

0< 

,1 

0. 

1 

0. 

.1 

0. 

.1 

0*1 

0.1 

0< 

,l 

0.1 

0.  1 

0.1 

0.1 

10  0.0 


l^. 


DIVERSITY 

MAXIMUM    DIVERSITY     <iS 

MAXIMUM    DIVERSITY    C 2 3 
MINIMUM    DIVERSITY 
REDUNDANCY 

FVFNNFSS 


3.25 
10.56 
4  .94 
0.21 
0  •  36 
0.66 
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fiPJ    2200.1 


MONTANA    DEPARTMENT    OF     FISH    AND    GAME 
SPECIES    DIVERSITY    ANALYSIS 
OCTOBER    27,     1975 


w 


station:      mallard  rest 

NUMPfciP    OF     SAMPLERS: 

SAMPLING  PERIOD:   MAKCH  10,  1975 


RANK 


1 

2 

3 

4 

s 

6 

7 

3 

9 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

26 

29 

OTAL 

ABUNDANCE 

2459 

6  06 

4  20 

209 

208 

198 

110 

i  00 

61 

48 

^.3 

15 

12 

11 

10 

10 

6 

6 

5 

5 

5 

4 

3 

3 

2 

1 

I 

I 

I 

4543 


PERCENT 

OF  TOTAL 

54a  I 

1  3.3 

9.2 

4.6 

4, 

,6 

4, 

,4 

2, 

4 

2. 

2 

l< 

3 

1< 

1 

0. 

5 

0« 

3 

0. 

3 

0  = 

2 

Gc 

2 

0. 

2 

0« 

1 

0. 

I 

0. 

1 

0. 

1 

01 

I 

0. 

1 

0. 

1 

0  = 

1 

0* 

0 

0. 

0 

0. 

0 

0. 

0 

0« 

0 

i  oo.o 


DIVERSITY 
MAXIMUM  DIVERSITY 
MAXIMUM  DIVERSITY 
MINIMUM  DIVERSITY 
REDUNDANCY 
EVENNESS 
EOUITABILITY 
SPECIES  RICHNESS 


<  1)  = 
<2»  = 


2.44 
12.16 

4  *S6 

0.0  7 
0.51 
0.50 
0.20 
?_  ■:>&. 
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C' 


MONTANA    DEPARTMENT     OF     FISH    AND    GAME 
KPT     2200.1  SPECIES    DIVERSITY     ANALYSIS 

OCTOBER     27,     197  5 

STATION:        4-A60VE     SHIELDS    R. 

NUMBER    OF     SAMPLERS: 

SAMPLING    PERIOD:        MARCH     10.     1975 


PERCENT 

RANK  ABUNDANCE  OF     TOTAL 

1  1276  43.7 

2  520  17. 8 

3  364  12.5 

4  232  7.9 

5  192  6.6 

6  80  2.7 

7  80  2.7 

8  60  2.1 

9  36  1.2 

10  20  0.7 

11  16  0.5 

12  12  0.4 

13  8  0.3 

14  4  0.1 

15  4  0.1 

16  4  0.1 

17  4  0.1 

18  4  0.1 

19  4  0.1 

TOTAL  2920  100.0 


DIVERSITY 
MAXIMUM    DIVERSITY 
MAXIMUM    DIVERSITY 
MINIMUM    DIVERSITY 
REDUNDANCY 
EVENNESS 
EQUITABILITY 
SPECIES    RICHNESS 


= 

2.59 

( 1)  * 

1  1.51 

C  2)     ■ 

4.25 

ss 

0.07 

~ 

0.40 

= 

0.61 

— 

0.23 

— 

2.37 
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M 0  N  'i:  A  .'i  ii    u jj  i?  <s  !.i ' i.  i'i  L'i  w T    Of    i1'  1 S ti     AND    G  A  il  £ 
5BICTES    SIVEhSITSf    ANALYSIS 
APRIL    9,197b 


w 


31 A TION;        1 i 

NUSBL'fi    Of    S&HPLb'S:       1 

3  A  SOLING    P  3K.i  ,u  0  :        riAivCH    'I9#1y7b 


hAi'j  tv 

1 
2 

3 

5 
6 
7 
6 

y 

10 

n 

12 
1  i 

14 
15 
16 
17 
Id 
19 
20 
21 
22 

TOTA1 


ABU&  XiMCi. 

13  53 
170 
1  18 

bC 

2  o 

17 

15 

11 

7 

a 

4 
4 
4 
3 
3 
2 
2 
1 
1 
I 
1 

1  3  1  3 


PiS 

t?CI 

'.NT 

OF 

TC 

TAL 

74, 

C 

y. 

4 

6. 

5 

3. 

3 

1. 

4 

0.9 
0 .  6 
0 .  o 
0.5 
0.4 
0.2 
0.  2 
0.2 
0.2 
0.2 
0.2 
0.1 
0.  1 
0.  1 
0.  1 

o .  1  ■ 

0.  1 

10  0.0 


oi  voiv  si  ly 
HAXI&OM    iulViiESll1^ 
HAAIftUH    JIV BHS1TI 
MliildUH    MVSESlT'if 

liVESKKSS 

EQU  IT  A  til  Li"!1  i' 
SPBCldG    RICHNESS 


= 

1.53 

(1)  = 

10.32 

(2)     - 

;4 .  ''4  4 

= 

0.  13 

= 

0 .  6  7 

=r 

0.34 

= 

0 .  1  4 

- 

1,39 

\^^^f 
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MONTANA    DEtfAETdJEHI    01;'    r'ISli     ANC    QM£ 


c 


CL>:a:ii±s   Liv^SiX!  a^aly 


AJ?tfIl    9  ,1975 


.•VUTIOtf:        14 

K  U  8  8  2  B    0  £'    SAO  P  LliSi        1 

£i  AMii'LlSG    PiiUIbD:       ti&HCil    19,1975 


h  A  S  is 


I 

2 

3 

4 

5 

o 

7 

8 

•si 

10 

11 

12 

13 

14 

15 

1a 

17 

18 

19 

2u 

21 

I U  T  a  L 

ABU 

HDA8CI 

9  0 

4  0 

3  b 

2  8 

20 

10 

r 

5 

J 

2 

2 

2 

1 

1 

1 

1 

1 

1 

1 

i 

§ 

i>£ 

.[.'.  C  ii 

NT 

05 

TO 

TA  L 

j  '.'>  • 

6 

15. 

8 

14. 

2 

1  1. 

1 

7. 

9 

4. 

0 

2. 

4 

253 


Z.  *    U 

1.2 

0.  8 
0 . 8 

0.4 
0.  4 
0.  4 
0.  4 
0.4 
0.4 
0.4 

j. a 

0.4 
1  0  0  .  0 


ftAXI&UK  J  IV  Eiioil'X 
MAXIMUM  ^xi/iOJiH 
JSIultftUB  i>i¥  iiiiSITY 
SJ2i>UHDAN(J  ¥ 

i.'  y  U  i'i  A  H  i.  O  I  J'  i 
5'PKCTiiS    KICMfiSS 


(D 
(2) 


2. 

9  4 

7. 

98 

4. 

17 

0. 

0  3 

0 . 

35 

0. 

67 

0. 

37 

2  m 

57 
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aOU'i'isKii    DLPA  BTdh'NI'    01    IflSH    AND    G  A  fr.fi 
b i.-1  tiC  1  tl  S    OX  V'EK SI  1 X    ANALYSIS 


AP.v  II    ii,  197  5 


£<iU  fib  ;■  u    01*    rfAriPL 
SAMPLING    i»ii!HIOtJ 


Kick 


iiAttCH     19,  1  J  7  5 


• .  A  H  h 

1 

2 
3 
4 
5 
6 
7 

a 

9 
1  o 
11 

12 
13 
14 

15 

16 

10  TAJ 


AE  UKDaHCE 

3  2  b 
o7 
1b 
15 
14 

O 

7 

u 
3 
1 

1 
1 

1 
1 

4  7b 


PfiXCEKT 

OF    TOTAL 

5  6.9 
14.1 

3.4 
3.  2 
2.9 
1.7 
1.5 
1.  1 
0 .  8 
0.6 
0.6 
0  •  z 
0.2 
C.2 
0.2 
0.  2 

100.0 


DIV  .;: H  Si'LY 

MXIdUti    ■■■  IV .-Jit SIT  X     (1) 

HAXIAUki    uxVKflSIfY     {2) 

Mli:.  J .  .JUrl    i/.iV£aSITY 

K  LO  Uft  DANC  Y 

£,  V  L  tS  Ci  ii'5  3 

Kg  0 IT ABILITY 

SPEC!  ES    ;a  IC  Li  la  LSS 


1.75 

b.  89 

4.01 
0.28 
0.60 
0.44 
0.20 
1.56 
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MONTANA    DEPARTMENT    OF    FISH    AND     GAM; 
RPT     2200  .1  SP  ECIES    01  VER  SI  TY    A  MALYSX  S 

JUNE    2b,     1V75 

station:      1-CCRWlN    SPRINGS 
NUMBER    OF   samples:        i  Kick 

SAMPLING     PERI  LID:        APRIL    7.1975 


RANK  A3  UNO ANCE 

1  473 

2  423 

3  34c. 

4  274 

5  12*; 

6  82 

7  70 

a  65 

9  4C 

1  0  40 

11  33 

12  26 

13  16 

14  16 

15  14 

16  14 

17  8 

is  e 

19  6 

2  0  5 

21  3 

22  2 


L^.- 


<i 


Z3 

24  i 

25  i 

26  i 

27  i 

TOTAL  2069  10. 


DIVERSITY 

MAXIMUM    DIVERSITY 
MAXIMUM     DIVcKSITY 
MINIMUM    DIVERSITY 
REDUNDANCY 
EVENNESS 
EQUITAtSILITY 
SPECIES    RICHNESS 


& 

3.2.h 

(1 )   = 

1  1  .03 

«  2 )    * 

4.7  3 

= 

2.14 

= 

0,3-2 

= 

S  .  6  8 

= 

0.32 

s 

2.96 

PERCENT 

OF    TOTAL 

2  2.5 

20  ,2 

16.  7 

13.1 

5.7 

3.  8 

3.4 

3.1 

1.  -j 

1  .9 

1  .6 

1.  2 

D  .  8 

0  .3 

3.  7 

0  .  7 

C.4 

;.  3 

2.3 

J.  2 

3.  1 

:.  .  l 

C  .  1 

A-93 


MONTANA     DEPARTMENT    OF     FISH    AND    GAME 
RPT    2200.1  SPECIES    DIVERSITY     ANALYSIS 

JUNE     25,     1975 

STATION:         I2-BIGHORN    r 
NUMBER    OF    samples:       1         Kick 
SAMPLING    PERIOD:        APRIL     18.  1975 


RANK  ABUNDANCE 

1  9 

2.  6 

3  6 

4  5 

5  4 

6  4 

7  2 

8  1 

TOTAL  37                                                  .:  ,) 


DIVERSITY  = 

MAXIMUM    DIVERSITY  (1)     =  5.21 

MAXIMUM    DIVERSITY  (2)    =  2.36 

MINIMUM    DIVERSITY  =  C  .96 

REDUNDANCY  =  0.04 

EV  EN N  ES  S  -  0 . 9  3 

£  QUI  TAB  I  LI  TY  =  0.54 

SPECIES    RICHNESS  s  2.  2fc 


<r.  .6 


PF_ 

RCENT 

UF 

TOTAL 

24.  3 

1  E  .  2 

16  .2 

13.  5 

ice 

1  /*'       p 

5.  4 

c.7 

^ 


^^ 
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MONTANA     DEPARTMENT     CF     FISH     ANU     UAri! 
RPT     g^TJ,!  SP.~C.ILS     DIVVPSITY    ANALYSIS 

JUNE:    £i>»     lv7o 

j'IATION:        1J-I»Y£kS 

NUMBEP    Of-     3AMPL   F.3  :  1  Kick 

SAMPLING    PERIOD:        A  Pill  L     18,1975 


WANK.  ABUNDANCE" 

i  ?,:t 

c.  s  '■? 

3  33 

4  13 

5  y 

6  7 

7  3 

a  '4 

9  3 

I  C  2 

II  2 

12  2 

13  2 

TOTAL  33 J      ■ 


L^ 


3 1  Vt  P  S  IT  V  =  2. . -  3 

MAXIMUM     DIVERSITY  {   1)    =  8.45 

MAXIMUM    DIVERSITY  (2)     as  3,7  4 

MINIMUM    DlVuKSHY  =  0  .  3  9 

REDUNDANCY  =  C  .3'., 

cVENNE  SS  =a  c  »6S 

EOUITABILITY  =  0»24 

SPECIES     RICHNESS  =  1.7s 


O 

cRC 

fcNT 

c 

F     T 

CTAL 

*  1 

1  ■> 

•  3 

1.; 

•  »■ 

3 

.7 

2 

•  o 

?. 

*  .. 

1 

•  4 

1 

•    i 

.9 

»  o 

•  3 
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MONTANA     DEPARTMENT    OF     FISH     AND    GAMt 
RPT    220 J. 1  SPECIES     DIVERSITY     ANALYSIS 

JUNE     25,    1975 

STATION:        14-FOR3YTH 

NUMBER    OF    SAMPLES:        1  Kick 

SAMPLING    PERIOD:        APRIL     16,1375 


RANK  ABUNDANCE 

1  Slfc 

2  14C 

3  44 

4  13 

5  13 

6  6 

7  5 

8  3 

9  2 

10  1 

11  1 

12  1 

13  1 

TOTAL  746                                              1CJ.C 


DIVERSITY  =  1.43 

MAXIMUM    DIVERSITY  (1)    ~  ^.54 

MAXIMUM    DIVERSITY  (2)     =  3,67 

MINIMUM     DIVERSITY  =  0.15 

REDUNDANCY  =  Z  ,6  2 

EVENNESS  -  0.4: 

EQUITA8IL  ITY  =  0.  15 

SPECIES    RICHNESS  =  1.32 


PE 

RCENT 

OF 

TOTAL 

b  9  •  2 

18.3 

5  .^ 

1  .7 

1.7 

0  .3 

0  .  7 

0.4 

■:  .3 

L-  .  1 

:.  i 

Q  .1 

■:. .  l 

w 


'--..--■ 


A 


96 


MONTANA     DEPARTMENT    OF    FISH    AN  U    GAM? 


C^ 


RPT     2200.1 


SPtCItS    DIVERSITY    ANALYSIS 

JUNE    2S,      1975 


station:       15-MILES   city 

number   or-    samples:      i        Kick 

SAMPLING  PERIOD:    APRIL  18»  1975 


RANK 

1 

2 
3 

4 

5 

6 

7 

S 

9 
10 
11 
12 
IS 
14 
15 
16 
17 

ia 

19 

2G 

TOTAL 


ABUNDANCE 

498 
S3 
4C 
12 
12 
i  1 
1  i 

7 

7 

e: 

4 
4 
2 
I 
1 
1 
1 
I 
I 
1 

674 


PERCENT 

UF 

TOTAL 

73.  9 

7.9 

5,9 

1.  9 

1  .8 

1  .0 

1.  6 

1.0 

1  .0 

0  .  7 

C  .  6 

J  .6 

?•  3 

"  .  1 

0*1 

G*  1 

>: .  l 

;  .i 

:.  i 

: .  i 

IOC.  0 


c 


DI  VERS!  TY 

= 

1  .66 

MAXIMUM     DIVERSITY 

(   I  )     = 

9.4C 

MAXIMUM     DIVERSITY 

(2>    = 

4,3  2 

MINIMUM    DIVERSITY 

s= 

0.26 

REDUNDANCY 

E= 

0  .  6  6 

i£VENNESS 

= 

C  .38 

EQUITABILITY 

= 

0  •  1  8 

SPECIES     RICHNESS 

a 

1.46 
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MONTANA     DEPARTMENT     CF     FISH     AND     GAME 
RPT    2200.1  SPECIES    DIVERSITY    ANALYSIS 

JUNE    25,     1975 

STATION:        1  7-GLir.NDI  VE 

number  of  samples:       i  Kick 

SAMPLING    PERIOD:        APRIL     17,1975 


PERCENT 

RANK                                    ABUNDANCE  CF     TOTAL 

1  14-5  43.9 

2  37  11 .2 

3  36 

4  33 

5  29 

6  13 

7  y 

a  7 

9  5 

10  4 

11  3 

12  £ 

13  2 

14  1 

15  i 

16  1 

17  1 

18  I 

TOTAL  33  0                 1  CO.-O 


DIVERS  ITY 
MAXIMUM    DIVERSITY 
MAXIMUM     DIVERSITY 
MINIMUM     DIVERSITY 
REDUNDANCY 
EVENNESS 
EQUITABILITY 
SPECIES    RICHNESS 


- 

2.76 

CI  >     as 

8  .37 

I  2)     = 

4.  0  8 

— 

0  .43 

■= 

0  • 3  6 

= 

C.  66 

= 

C  .33 

= 

2«43 

1C 

.9 

10 

.  3 

3 

.8 

■Z 

.9 

o 

.7 

2 

.1 

1 

.  5 

1 

.2 

Z 

•  9 

.6 

#6 

',j 

•  3 

r 

.3 

J 

.3 

c 

•  3 

.3 

J 
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,Zuv 


C 


MOM"  AN  A    LLPAwTiALM    OF    PI3H    &H'D    GB8E 
St»EC±Li    D.I  VLBSIIY    ANALYSIS 
APi'iIL    j,  197b 


J  I' AT  10  Us       12 

riOLLLa    0£    S&KPLESs       1  Kick 

SAMPLING    PaBiOLS        KA.HCB     ly,1^7: 


1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 

TOTAL 


AiiUNDANCL 

Ju 
6 
5 

5 
2 
2 
2 

1 


57 


PEUCEMT 

OF    TOTAL 

5  2.  6 
10.5 

6.  8 

6 .  8 

J. 5 

3.5 

3.5 

3.5 

1.8 

1.3 

1.  8 

100.0 


DIVERSITY 
H&X1J3  Ufci    D  I  V 'Li.-  Sil  Y 
KAiiSiJfH    ±>1"V  EBSll'X 
aiSlHDfl    JJVEaSITX 

fi'EDus  DaacK 

L  VENN  <L;3S 

EQUIT  k'BZi,  ii'Y 

S PLC  It S    i>ICHH£SS 


= 

2. '4  3 

0)  = 

5.83 

(2)     = 

3.  1  3 

— 

1.00 

= 

0.3  3 

= 

0.70 

= 

0.42 

= 

2.0  1 

A-99 


«PT    2*00.1 


MLNTANA    DEPARTMENT    DF,  F.'ljSM    ANO    GAME 
SPEC  1ES    01  VEKSl  TY    ANALYSIS 

"'  MARCH     1*<»  l«7£  ',.    ■"  ■t'ti- 


station:      06         Tongue  River 

MJM&ER  OF  SAMPLES.:   1 

SAMPLING  PEHIOC:    DEC.  3,   1974 


HAWK 

1 

?- 
3 
4 
5 
€ 
7 

a 

9 
10 
11 
12 
13 
14 
15 
.  16 

ie 

19 

20 
21  .* 

2.2, 

23? 

24 

25:  " 

26 

27 

26 

29 

30 

TOTAL 


AeuNCANce 

138 
39 
33 
26 
1  6 
16 
15 
14 
12 
1  1 
10 
10 
10 

7 

7 

6 

5 

£  *• 

4 

4 

4   / 

2 


403 


PERCENT 
OF  TOTAL 

34«£ 
9.7 
8«2 
t.  5 
4  ■  0 
4.0 
•'  3*7 
3*5 
3.0 
2»  7 
2*5 
2.5 
2.S 
1  .7 
1.7 
1.5 

■''1*2' 
1  «0  ' 
1  •  0 
.'  l»-0 
'  ,0.^5 

;o*2 

0.2 

e*2 

•   '  C.>;- 
,  -0V2 
■  :C#2 

io'e.C'/ 


DIVERSITY 
MAXIMUM  DIVERSI  TV 
MAXIMUM  DIVERSITY 
MINIMUM  DIVERSITY 
REDUNDANCY 
EVENNESS 
EOUITASILITV 
SPECIES  HICHNESS 


- 

3,6«_ 

m    m 

6  «6S 

C2)    * 

4.60 

'    J  fy 

i     0.62- 

* 

0.27< 

-    e 

0*;7'€  ,>- 

s 

0i43;' 

*       « 

^  _c>a 

A-100 


c 


kh  r  dk oo*  i 


HQHl  ANA    Ocl-'A^TMtlMT     iIF     F'i'oH     ANO    CiAMC 
JiPtCliS     GlVF.fcSITV      ANAL.Y'bfS 
MAkCH     i?»iSi/t     ■ 


w 


STATION*      oi         Tongue  River-Keogh 
NUMBts«   ur    samples!      j         Kick 

SA wt-JL  I  «n«j    PER  IOCS        CtC.    ,'s.lvV4 


1 

a 

t> 
e 
? 

e 

9 
10 
H 

TtiT  Ai_ 


A  Hi. 

NCANCfc 

tiO 

i  1 

10 

A 

3' 

a 

.2 

I 

i 

I 

l 

PI 

ft  Ob  N  T 

QP 

TuTAL 

a  2*3 

1  !«£ 

i  Cu« 

4,  X 

3«  i 

2.1 

2«  I 

1  .0 

1  .0 

l.ii 

si(S 


1    O'J 


a  c  o  •  o 


o  i  v  u-  ;i  i  r  Y  = 

MAXIMUM    UJVfcSiMTV  (I)     * 

MAXIMUM    0  iVfc'.KSlTY  (£5     •= 

MINIMUM    ul  Vfc>;Sl  TY  » 

Mtf.0UNQANCV  » 

fe  V£  NNcisia  a 

£00  I  T*S  it-  I  T  Y  a 

SPECIfci*    k  JCt-NttSfe  - 


I  «  v  8 

C»fcR 
0.33 
0  .n7 
0  >  J  0 


A-101 


wp  r   c*0(j«i 


M  i  I  ;\  i  A  N  A     0  fc  i  '  A  H  f  M  t '.  N  f      U  r      f-  i  S  b     A  **  i  U     v  A  W  i. 
SPL*C  It-  3    PI  V£HS  J  T'  V     Ah/iLY  S  iS 
MARCH      J?(  lS/7« 


STAT  ign;      oe      Tongue  Rfver-Bi rnev 

NUMtaLR    Ot-     SAMPLES  J        !  Kick 

'SAfPL  I.N<i    Pft'HluCJ        L'fcL.     3,      1V7« 


I 
2 

3 

? 

a 

10 

u 
14 

i  J 
14 

15 
16 

It 

18 

iy 

a  i 

22 

/■j 

«25 
Sti 
IV 

a« 

TOTAL 


*aUNOAhCli 

J.i 

1  6 

lo 

1  jS 

14 

12 

i  J 

1  0 

to 
i  a 

7 
1 

6 
5 
S 

4 
% 

4 

i 

I 

1 

i 

< 


MO. 


PLRCteNT 

OF     TOTAL 

3.4 

•  kl 

9 

*7 

& 

«  -ci 

t 

«  5 

4 

•  0 

4,1 

.0 

3 

•  7 

.1 

•  s 

,3 

•  Q 

2 

.7 

2 

•  a 

2 

.3 

A 

„5 

X 

•  7 

I 

.7 

t 

•  S 

1 

•  ii 

I 

•  2 

I 

«0 

I 

•  0 

I 

•  c 

0 

«  8 

c 

•  a 

Q 

*  "2 

Q 

•  2 

0 

•  2 

0 

.  £ 

0 

0£."!' 

0 

•  <£ 

0 

o2 

100*0 


U  I  VfcSS  I  TV 

MAX  i  M  L  M    D  1  Vt  H  S  i  T  V 

MAX  J  MUM    O  JVctvSU  V 

MINIMUM    UlWgttSlTV 

ftieUCiNOANC.  V 

EVfcNNfcSS 

fciCU  2T4KZL  ITY 

J p£  c  i  fci  s  w  i  cmn e  s  a 


3  •  6  9 

e  •  a  * 

0  •  ft  2 
0  .27 

c.  ft 

0.-42 
3»26 
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APPENDIX  F 


fw 


A-103 


r?r>T     ppoo  .  1 


MONTANA     nEPiPTM^MT     OF     PISH     AND     GAME 
SPECIES    OIVFRSITY     ANALYSIS 
JULY     ?,      1976 


w 


station:   miles  CITY 
numrep  or  samplers:   1 

SAMPLING  PERIOD:    VIIT-5-7S 


P  ANK 

1 
P. 

f 

4 

5 

6 

?■ 

TOTAL 


ABUNDANCE 

<F 
? 
■> 

1 
1 
1 
1 


PERCENT 
OF  TQTAL 

3  8.5 
15.4 
5  5. A 

7.7 

7.7 

7.7 

7.7 

100  •* 


OIVERS  ITY 

MAXIMUM  DIVF"S!TY 
MINIMUM  DIVrPSITV 
P FOUND ANCY 
EVENNESS 
EOUITABIL ITY 
SPFCI^S  PICHNFSS 


SHA 

NNON 

? 

.SO 

? 

.fll 

2 

.  19. 

r 

,50 

o 

.RQ 

Q 

.63 

1 

.82 

RPILLOUIN 

i  .a? 

?.04 
1  .56 

0  ,4<= 
0.R9 
^.73 

1  .OP 
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L  . 


c?pt  ??r  ?  .  j 


MONTANA  DFPARTMFMT  RF  FISH  AND  GAME 
SP*-CIFS  OIV-RSITY  ANALYSTS 
JULV  ?,   19^6 


station:   MILE^  CITY 
numrfr  or  samplers:   2 
sampi  ing  Pc»inp:   vn  l-5-?s 


P  ANK 

1 

? 

A 

5 
6 

TOTAL 


ABUNDANCE 
P 

3 
2 

1 

1 

21 


PEPCF 

NT 

OF     TOTAL 

38. 

1 

19. 

0 

J  4. 

75 

9. 

5 

9. 

5 

A. 

8 

4. 

8 

IOC  .0 


ni VFPSITY 

MAXIMUM  DIVERSITY 

MINIMUM  DIVERSITY 

REDUNDANCY 

EVENNESS 

EOUITARIL ITY 

SPFCIFS  RICHNFSS 


SHANNON 

■?  .45 
2.81 
1  .60 

0  .  3"1 
0  .  87 

0  .56 

1  .89 


BPTLLOUIN 

1  ,9«5 

2.2f 

1  .  20 
C  .2° 
0.87 
0.63 

1.33 


MONTANA      DEPARTMENT     HF     FISH      AND     GAME 
Pr>T     ??00.1  SPFCIF^     DIVERSITY     ANALYSIS 

JULY     ?,      19^6 

station:   milts  city 
mumbfr  of  samplers:   "* 
SAMPLING  PERinn:    vl  I  1-5-75 


RANK  ABUNDANCE 

1  13 

?  6 

3  5 

4  5 

5  I 

6  1 

7  I 

«  1 

TOTAL  34                   I  0  0.0 


REDUNDANCY 


EVENNESS  0.81  O.BC 

EQUTTABTLITY  0.48  0.54 

SPECIES  RICHNESS  1.94  1.50 


SHANNON 

2 

.  4  2 

3 

.00 

1 

.31 

0 

.  34 

f) 

.81 

0 

.  48 

1 

.94 

PERCENT 

OF  TOTAL 

38. 

2 

1  7, 

6 

1  7. 

6 

1  4. 

7 

2. 

9 

2. 

9 

2. 

9 

2. 

9 

BR  1 1  LOU  IN 

DIVFRSITY  2.42  2.04 

MAXIMUM     DIVERSITY  3.00  2.54 

MINIMUM     DIVERSITY  1.31  1.02 


0.3  3 
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t 


PPT   ??C0.1 


MONTANA  DEPAPTMFNT  OF  FISH  *NO  G«MF 
SPECIES  DIVERSITY  ANALYSIS 
JULY  2,   1Q76 


STAT  ion:   MI  LFS  C I  TY 
NUMBER  of  samplers:   4 
SAMPLING  PFRIOO:    VIII-5-75 


RANK 

1 
2 

4 

5 
6 

7 

a 

TOTAL 


ABUNDANCE 
7 

6 
3 

2 

? 
P 

1 

1 

24 


PERCENT 

OF  TOTAL 

29. 

.? 

25, 

.3 

1  2 

,5 

R, 

■  3 

8. 

.3 

8, 

,.3 

4  , 

2 

4. 

2 

10*  .0 


HI VEPSITY 

MAX  I  MUM  D  I  VF  RS I TY 

MINIMUM  DIVERSITY 

RFOUNDANC Y 

EVFNNFSS 

cOUITAPILI TY 

SPFCIFS  RICHNFSS 


SHANNON 

3.67 
3.0* 
!  .69 

0*89 
0  .58 
2  .  09 


RRILLOUIN 

2.15 
2.43 
1  .28 

0.24 
C  .  8Q 
C  .6? 
1  .50 
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R"T    2200.1 


MONTANA      DEPARTMENT     OF     FISH     AND     0,AME 
SPFCIFS     DIVERSITY     ANALYSIS 
JULY      »,      ]976 


W> 


station:   miles  city 
NUMPFR  of  samplers:   s 
SAMPLING  PEf  PO:   VIII— 5-75 


RANK 

1 

2 

3 
& 
5 

7 

a 

Q 

10 

1 1 
1  ? 

1  3 

14 

15 

TOTAL 


ABUNDANCE 

34 
16 

7 
7 

e 

6 

2 
2 
2 
2 
1 
1 

ICE 


PERCENT 
OF  TOTAL 

3?.  4 

1  5.2 
7.  6 
6  .  7 

5.  7 
5.7 
5  .7 
4.  « 
1  .9 
1  .9 
1  .0 
1  .9 
1  .0 
1  .0 

1  00  .  0 


DI VERS! TY 

MAXIMUM  DIVERSITY 

MINIMUM  DIVFPSITY 

RFPUNDANC  Y 

FVENNFSS 

cOUI TABIL I TY 

SDECIES     RICHNESS 


SHANNON 

3 

.2? 

3 

.91 

1 

.0"" 

0 

.24 

o 

.  13 

p 

,4R 

2 

.^4 

RR 1LLOUIN 

2.Q? 
3*56 
0  ,Rfl 
0  .24 
0.82 
0.55 
3.  37 
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RPT  2200. 1 


c 


MDNT/Msia  DEPARTMENT  OF  FISH  AND  GAWF 
SPEC  IPS  DIVERSITY  ANALYSIS 
JULY  2,   19  7  6 


STATION:    MILES  CITY 
NUMRFP  OF  SAMPLERS:    6 
SAMPLING  PERIOD:    VIII-5-75 


RANK 

i 
P 
3 
« 
5 

7 

8 

9 

10 

TOTAL 


ABUNDANT! 

57 
3P 

9 

8 

6 

3 

? 

1 

1 

1 

t  26 


PERCENT 

PF    TOTAL 

45 

.2 

30 

>■> 

7 

.  1 

6 

.7 

4 

,8 

?. 

.4 

1  . 

,6 

0< 

8 

0. 

8 

0, 

8 

10  0.0 


DIVERS ITY 

MAXIMUM  DIVERSITY 

MINIMUM  DIVERSITY 
REDUNDANCY 
EVFMNFSS 
POUT  TABILI  TY 
SPECIES  RICHNFSS 


SHA 

NNON 

2 

.  16 

3 

.3? 

0 

•  *3 

rj 

.47 

0 

.65 

r> 

.31 

1 

.85 

RPILLOUIN 

2.00 
3.11 

C  ,50 
0  .42 
0.64 

0  .  if- 

1  *^4 


Va^_ 
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t>PT  220".  1 


MONTANA  DFPAPTMFNT  Or  =!9H  AND  GAMF 
SPECIPS  PTVFPSITY  ANALYSIS 
JULY  ?,   1976 


\l^^jfi/ 


station:   milcc^  city 
numrfr  of  samplers:   7 
sampling  pfripp:   viii-5-75 


PANK 


1 

2 

3 

4 

s 

ff 

7 

8 

p 

10 

i  1 

12 

13 

14 

IS 

16 

17 

IB 

IP 

oo 

21 

TOTAL 

ARUNOANC* 

101 
6? 
3  5 
3? 
24 
q 

R 
8 

7 
7 

7 
6 
5 
3 

2 
2 
1 
1 
1 
1 
1 

323 


PERCENT 
OF  TOTAL 

3  1,3 
19.2 
10.8 

9.9 

7.4 

2.8 

2.5 

2.  5 

2.? 

2  .2 

2.  2 

1  »9 

1  .5 

0.9 

C  .6 

0.6 

0.3 

C  .3 

0  .3 

0.3 

".3 

100.0 


01 VFRSITY 

MAXIMUM  DIVERSITY 

MINIMUM  DIVERSITY 

REDUNDANCY 

FVFNNFSS 

-QUI  TABU  I  TY 

SPFCIFS  RICHNFSS 


SHA  NNON 

3 

.  19 

4 

.39 

c 

,en 

r-. 

.  i? 

0 

.73 

0 

.  38 

2 

.81 

RR  It  LOU  IN 

3.03 
4  .  IP 

0.51 
0.32 
0.72 
0  ,4a 
2.  5P 
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^^' 


QpT   ??C0  •  1 


MONTANA  nFPARTMFNT  OF  FISH  AND  GAMF 
SPFCIFS  PIVFOSITY  ANALYSTS 
JULY  ?,   1976 


station:   glfndivf 

NUMRfR  OF  SAMPLFRS:    1 
"^AMPl  ING  PFPino:    VIYI-7-7S 


RANK 

1 
g 
3 

5 

TOTAL 


ABUNDANCE 

24 
22 

2 

2 

1 

51 


PFRCENT 

OF  TOTAL 

47 

.  1 

43 

.  1 

3 

,9 

3 

.9 

2 

.0 

IOC 

.0 

or  vfps i ty 

MAXIMUM  DIVERSITY 
MINIMUM  DfVFPSITY 
RFDUNDANCY 
FV^NNFSS 
CQUITABIL ITY 
SPFCIFS  PICHNFSS 


SHANNON 

1 

.51 

2 

.32 

0 

.55 

n 

.46 

0 

.65 

^ 

.27 

i 

.25 

Rprt-L.au  in 

l  .  35 
2.11 

0.44 
0.45 
C.64 
0.31 
1  .04 
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Rf»T  2200.1 


MONTANA  DFPAPTMENT  OF  FISH  AND  GAME 
SPECIES  DIVERSITY  ANALYSIS 
JULY  ?,      1976 


station:   glfndivf 
NUMBER  OF  samplers:   2 
SAMPLING  PERIOD:    VIII-7-75 


RANK 

I 

2 

3 
4 
5 

6 
7 

8 
TOTAL 


ABUNDANCE 

f 
5 
4 
3 
2 
1 
I 
1 

2  3 


PERCENT 

OF     TOTAL 

26. 

! 

21  « 

7 

17. 

4 

1  3. 

0 

8. 

7 

4. 

3 

4. 

3 

4. 

3 

10C.0 


DIVERS ITY 

MAXIMUM  DIVERSITY 

MINIMUM  DIVERSITY 

REDUNDANCY 

FVENNESS 

FOUITABTL ITY 

SPECIES  RICHNESS 


SHANNON 

2.7T 
3.0  0 
1  .74 
0  .24 
0  .90 
C.60 
2.11 


BRILLOUIN 

2.  17 
2.41 
1.31 

0.22 

C i  ..90 
0.67 
1  .50 
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c 


RPT  ??00  .  J 


MONTANA  DEPARTMENT  OF  FISH  AND  GAMF 
SPFCIFS  DIVERSITY  ANALYSIS 
JULY  ?,   1976 


station:   glfndive 
numrf^  of  samplers:   3 
sampling  period:   vi  i  1-7-75 


RANK. 

J 

2 
3 

4 
5 

TOTAL 


ABUNDANCE 

IP 

1  6 

? 

•1 
I 

3  9 


PERCENT 
OF  TOTAL 

48,7 
4  1  „0 

5,1 

2  •  6 

?.6 

IOC  90 


SHANNON 

DI VFRSITY 

1  .5* 

MAXIMUM  DIVERSITY 

2.33 

MINIMUM  DIVERSITY 

0  .68 

REDUNDANCY 

c  .40 

EVENNESS 

0  .66 

EOUITABILITY 

0  .20 

SPECIES  RICHNFSS 

1  .24 

RR ILLOUIN 

1  ."*? 
2»06 
C  .54 
0.48 
0*65 
0  a34 
0.99 


A-113 


RPT     2300.1 


MONTANA     PPPARTMFNT     OF     FISH     AND     GAME 
SPETfFS     OIVFPSITY     ANALYSIS 
JULY     ?,      19  76 


W 


station:   glfmdive 
number  of  samplfrs:   4 
sampling  period:   viii-7-75 


RANK 

1 
2 
3 
4 

TOTAL 


ABUNDANCE 

6 
5 
3 

1 

15 


PERCENT 
OF  TOTAL 

40.0 

3  3 .  3 

2  0.0 

6.7 

1  C  C  .  0 


DIVERSITY 

MAXIMUM  DIVERSITY 

MINIMUM  DIVERSITY 

REDUNDANCY 

EVENNESS 

EOUI TABIL ITY 

SPECIES    RICHNESS 


SHANNON 

1 

.78 

? 

.00 

1 

.0  4 

0 

.23 

c 

.80 

0 

.46 

J 

.  33 

PR  ILLOUIN 

1  .42 
1  .59 
0  .76 
0.21 
C.89 
0  .5? 
0.89 


v^ 


A-114 


^^^' 


Rc>T     2200. 1 


MONTANA      DPP ART MP NT     OF     FISH     AND     GAME 
SPECIES    DIVERSITY     ANALYSIS 
JULY     2  ,      1  9  7  6 


station:   glendivf 
number  of  samplers:   6 
sampling  period:   vi  i  1-7-75 


PERCENT 


RANK 


1    ZZ*  I 

20f0 

3  bS'O 

4  «9*0 


e9*  t 

TOTAL 

Nino  tii a  a 


ABUNDANCE 

OF     TOTAL 

!Jg«i 

SsJi^d    SdUddS 

■%  t  *  0 

^lluavunod 

%99C 

11,1      SS3NNJAd 

*=9*0 

5*^DNVQNna30 

te«  I 

Aiisal^o   wowiniw 

k  I  •  £ 

Xilbbll^G     hOWIXVkM 

96*  I 
1  8 

AjLlSbdA  id 

100. 0 

NLiNNVHS 

SHANNON 

O'uO  I 
DIVERSITY 

117 
1  .95 

MAXIMUM     DLUSOSITY 

2.5^ 

MINIMUM    D^VtE^RSITY 

1  .5} 

REDUNDANCY^  ^ 

0.5^ 

EVENNESS      ^„g 

°'7C\ 

EOUI  TARIL  ytY, 

r  ,47, 

SPECIES    R^GHJ-JESS 

1  •*% 

£  *Z 

e 

«'6 

t? 

t?*£9 

9a 

IVlOi.     dQ 

dDNvaNnyv 

XNdDbdd 

BRILLOUIN 

"1VJ.01 
1  .51 

2. Of  6 

1.118 

0  .58^ 
0.73  y 
0.529 
0.99^ 

Z 

I 


>NVo 


S/-/-I1IA         :OtJ]d3d     ONlldWVS 

9      :sad~idwvs   du   uBhwan 

dMQNjlS         INOIiVi-b 


9<L6i    *2   Ainr 

SISAOVNV  AlISdiAIO  S3ID3dS 

A-116 

dk'.V'J     QNV     HSId     30     lN3WJL<!aVddQ     VNTiNUK 


i'0G22     J-dd 


R.PT  2200.1 


MONTANA  DEPAPTMFNT  OF  FISH  AND  GAME 
cppcfrc;  DIVERSITY  ANALYSIS 
JULY  2,   1976 


station:   glfnoivf 

NUMBFR  OF  SAMPLERS!    7 

sampling  period:   viii-7-75 


RANK 

i 

2 
3 

4 

6 
7 
R 
9 

10 

11 

TOTAL 


ABUNDANCE 

PI 
53 
12 

R 

7 

6 

2 

? 
2 
1 

1  87 


PERCENT 
OF  TOTAL 

48. 7 
2  8.3 

6.4 

4.3 

3.7 

3.2 

1  .6 

1  .1 

1  .  1 

1  .  1 

0.5 

100.0 


Dl VFPSITY 

MAXIMUM  DIVERSITY 

MINIMUM  DIVERSITY 

REDUNDANCY 

EVENNFSS 

FOUITAPIL ITY 

SPECIES    RICHNESS 


SHANNON 

2.15 
3.46 
0  .48 
0.44 

0.62 

0  .20 

1  .87 


BR ILLOUIN 

2.02 

3.29 
0.40 
0.44 
0.62 
0.3  3 
1  .69 


A-117 


MONTANA     DFPARTMENT     OF     FISH     AND     GAMF 
R.PT     2200.1  SPFCIFS     DIVERSITY     ANALYSIS 

JULY     2,      1976 

station:   intake 
number  of  samplers:   i 
sampling  period:   viii-7-75 


RANK  ABUNDANCE 

1  10 

2  7 

3  2 
*  2 
5  I 

TOTAL  ?2                  inc.O 


MINIMUM  DIVFRSITY  1,05  0 . 7° 

PFOUNOANCY  0.35  0.34 

fVFNNESS  0.81  0.8C 

EOUITABILITY  0.42  0.48 

SPECIES  RICHNESS  1.45  1.05 


HANNON 

1 

.87 

2 

.32 

1 

.05 

0 

.35 

0 

.81 

c 

.42 

1 

.45 

PE 

RCFNT 

OF 

TOTAL 

45.5 

31.8 

9.  1 

<=>.   1 

4.5 

BPILLOUIN 

DIVERSITY  1,37  1.54 

MAXIMUM    DIVFRSITY  2.32  1.93 


A-118 


c 


R^T  P200.1 


MONTANA  DEPARTMENT  OF  FISH  ANP  GAMF 
SPECIES  DIVERSITY  ANALYSIS 
JULY  ?,   19^6 


STATION:    INTAKE 

NUMBER  OF  SAMPLERS:    2' 
SAMPLING  PERIOD*.    VIIT-7-75 


RANK 

1 
2 

3 

5 
6 

7 

TOTAL 


Af 

'UNOANCF 

so 

6 

3 

2 

1 

1 

I 

PERCENT 

OF  TOTAL 

41 

.7 

25 

.0 

12 

.5 

B 

o3 

4 

.  ? 

4 

.2 

i 

.2 

24 


1OC.0 


DIVERSITY 

MAXIMUM  DIVERSITY 

MINIMUM  DIVERSITY 

REDUNDANCY 

FVFNNESS 

EOUITABIL ITY 

SPFCIES     RICHNESS 


SHANNON 

2 

.27 

2 

.81 

1 

.46 

0 

.♦*? 

c 

.81 

c 

.50 

! 

.78 

BRILLOUIN 

1  .84 

2  .  2R 
1.11 
C  .  38 
0.80 
0.  56 
1  .28 


A-119 


OPT  2200 . 1 


MONTANA  OFDAPTM^NT  OF  FISH  AND  GAME 
SPFCr^s  DIVERSITY  ANALYSTS 
JULY  2,   1976 


station:   intake 
numrfr  of  samplers:  3 

SAMPLING     PER  ion:         VI  I  1-7- 7 S 


RANK 

1 
2 
3 
4 
5 

TOTAL 


ABUNDANCE 

17 
4 
4 

I 
1 

27 


PERCENT 
OF     TOTAL 

6  3.0 

14.8 

14.8 

3.  7 

3.7 

100.0 


diversity 
maximum  divfrsity 
minimum  diversity 

REDUNDANCY 

EVENNESS 
^OUITABIL ITY 
SPECIFS  RICHNESS 


SHANNON 

i .  sq 

2.32 

0  .90 
^.52 
C  .6* 
0.33 

1  .25 


BPILLOUIN 

1  .32 

1  .  98 
0  .60 
0.51 
0.67 
0  .18 
0.94 


■ ...  __ , 


A-120 


c 


RPT  2200. 1 


MONTANA  OFPAPTMFNT  OF  FISH  AND  GAME 
SOFCIFS  niVFRSITY  ANALYSIS 
JULY  ?  ,   19  7  6 


station:   intake 
numrfp  of  samplers:   4 
sampling  period:   vi  i  1-7-75 


PANK 

I 

2 
3 
4 
5 

TOTAL 


ABUNDANCE 

15 
6 
7 
2 

2 

?a 


PERCENT 
OF  TOTAL 

53.6 

21.4 

10.7 

7.  1 

7,  1 

!00  .0 


SHANNON 

DI VFPSITY 

I  .85 

MAXIMUM  DIVFPSITY 

2.32 

MINIMUM  DIVFPSITY 

C  .SB 

PFDUNDANCY 

0  .33 

FVENNESS 

0.80 

FOUITABIL  TTY 

0  .38 

SPECIES  PICHNFSS 

1  .46 

BP  TLLOUIN 

1  .  56 
1  .99 
0.68 
0.33 
C  .78 
0.45 
t  •  1  I 


A-121 


PPT   ??00. 1 


MONTANA  OFPAPTM^NT  OF  FISH  AND  GAME 
SPECIFS  OIV^OSITY  ANALYSIS 
J  UL  Y  2  ,   1976 


>.j^ 


station:   intakf 
number  of  samplfrs:   5 
sampling  pfriod:   viii-7-75 


PANK 

1 

2 
3 
A 

5 

TOTAL 


ARUNOANCF 

3 

i 
1 

2<5 


PEPOF 

NT 

OF     TOTAL 

55. 

?. 

77. 

6 

1  0. 

3 

3. 

4 

3. 

4 

100. 

0 

01 VFPSITY 

MAXIMUM  DIVERSITY 

MINIMUM  DIVERSITY 

PFDUNOANCY 

EVENNESS 

EOUI TABIL I TY 

SPPCIFS  RICHNESS 


SHANNON 

1  .66 
P. 3? 

0  ,85 
0.4  5 
0  .71 
0.34 
1.3? 


BR  ILL OU IN 

1  .40 
2.00 
0.66 
0.44 
C  .70 
0  .40 
1.01 


A-122 


c 


opt  ??00  .  1 


MONTANA  DFPARTMFNT  OF  FISH  AND  GAMF 
SPFCIFS  DIVERSITY  ANALYSTS 
JULY  ?  ,   1976 


^^, 


station:   intake 
numrfr  of  samplers:   6 
sampling  period:   vifi-7-75 


RANK 

1 
2 
3 
4 

5 

TOTAL 


Bl 

JNDANCE 

2  2 

1  8 

4 

1 

1 

PE 

"RCENT 

OF 

total 

4  7S 

B 

39. 

I 

e. 

7 

2 . 

2 

2. 

2 

46 


100. 0 


SHANNON 

DI VFRSITV 

1  .59 

MAXIMUM  DIVFRSITV 

2.32 

MINIMUM  DIVERSITY 

0  .60 

REDUNDANCY 

0,43 

EVFNNESS 

<"«,6B 

FOUITABIL  ity 

0  .2<5 

SPECIES  PTCHNFSS 

1  .30 

6PILL0UIN 

1.41 
2.0C 
0.48 

0  .4? 
0.6  7 

0.34 

1  »07 


A-123 


I"  *'•  K 
■:  f'jM 


QOT      ?2O0  » I 


MONTANA     DEPARTMENT     nF     FISH     AND     GAMP 
SPFCTFS     DIVERSITY      ANALYSIS 
JULY      2,       1^76 


station:   intake 
number  of  samplers:   7 
sampling  period:   viii-7-75 


RANK 

1 

2 

1 

4 
5 
6 
7 

8 

R 
10 
I  1 

TOTAL 


ABUNDANCF 

S3 
5.? 
12 
10 

6 

5 

2 

2 

I 

1 

I 

1  7^ 


PERCENT 
OF  TOTAL 

47.? 
30.  1 

6.8 
5.7 
3.4 
2.  8 
1  .  1 
1  .1 
0.6 
0.6 
0  .6 

IOC  .0 


DIVERSITY 

MAXIMUM  DIVERS  I  TV 

MINIMUM  DIVERSITY 

RFDUNDANCY 

FVENNESS 

EQUITABIL ITY 

SPECIES     RICHNESS 


SHANNON 

2 

.  1? 

3 

.46 

0 

.50 

0 

.45 

0 

.61 

0 

.28 

i 

.83 

RR  I  L.LOU  IN 

1  .09 
3.  28 
*.4? 
0.  4  5 

0  .61 
C.  33 

1  .66 


A-124 


l^.., 


RPT  2200.1 


MONTANA   OFPARTMFNT  OF  PISH  AND  GAME 
^PFCIFS  OIVFD^Itv  ANALYSIS 
JULY  ?,   1976 


c 


station:   stdnfy 

NUMBER  OF  SAMPl.FRS:    1 
SAMPLING  PFPIOD:    VHI-7-75 


PAMK 

1 
2 

3 

TOTAL 


ABUNDANCE 

1  1 

7 
5 
4 

1 

2  8 


PFPCFNT 

OF  TOTAL 

39. 

3 

25. 

r\ 

1  7. 

9 

1  4. 

3 

3. 

6 

DI VERSITY 

MAVIMUM  DIVERSITY 

MINIMUM  DIVERSITY 

REDUNDANCY 
EVFNNFSS 
FOUITAPILITY 
SPFC IES  RICHNFSS 


SHANNON 

? 

.05 

2 

.  3? 

0 

.88 

0 

.  19 

0 

.88 

c 

.43 

1 

.6' 

BRILLOUIN 

1  .75 
1  .  90 

0.68 
0.  1  R 

0  .  88 
G.50 

1  .  25 


A-125 


P°T  22^0  *  1 


MONTANA  DfPARTW^NT  OF  FISH  AND  GAMF 
SPECIFS  DIVERSITY  ANALYSIS 
JULY  ?,   1976 


station:   sidnfy 
nuwrfr  of  samplfpst   2 
sampling  period:   viit-7-75 


RANK 

1 
? 

3 
4 
5 
6 

7 

TOTAL 


ABUNDANCF 

I  ! 
a, 

4 
3 

1 

1 

:?4 


PERCENT 

OF  TOTAL 

32 

,4 

23 

.5 

5  7, 

6 

1  1  . 

,8 

Hi 

,8 

2. 

,9 

2, 

9 

inc.o 


DT V^RSI  TY 

MAXIMUM  DIVFRSITY 

MINIMUM  DIVERSITY 

REDUNDANCY 

^VFNNFSS 

FOUITARIL  TTY 

SPECIES  RICHNESS 


SHANNON 

? 

.43 

? 

.81 

1 

.  1  1 

/■» 

.22 

0 

.S^ 

r 

.48 

l 

.95 

BR  ItLOUIN 

2.08 
2.40 
C.88 
0  .22 
0.86 

0  .55 

1  .52 


A-126 


y^^ 


PPT  22C" . 1 


MONTANA  DFPARTMPNT  OF  FISH  AMD  GAMF 
SOFCIFS  DIVFRSTTY  ANALYSIS 
JULV  2,  1976 


c 


station:   sidney 
NUMBER  of  samplers:   3 
SAMPLING  P-RIOO:    VTII-7-75 


RANK 

1 
2 
3 

4 
5 
6 

TOTAL 


ABUNDANCE 

ie 

9 
5 
? 
1 
1 

3  A 


PERCENT 
OF  TOTAL 

47.1 

26.5 
14.7 

5.9 

2.9 

2.9 

1  """".D 


DI VFRSITY 

MAXIMUM  DIVERSITY 

MINIMUM  DIVERSITY 

^FDUNDANTY 

PVFNNESS 

FOUI TABIL I TY 

SPECIES  RICHNESS 


SHANNON! 

1  .97 

2.53 
0.94 

0  .38 
0  .76 
0  .  3^ 
1.58 


BR  I LLOUIN 

1  .68 
?.  24 

0.74 

0.37 
0  .75 

0  .45 

1  .23 


A-127 


r?r»T  2  2CD.1 


MONTANA  DEPARTMENT  OF  FISH  AND  GAMF 
SPECIE'S  OIVFOSITY  ANALYSTS 
JULY  2,   197"=. 


station:   SIDNEY 
NUMBER  OF  SAMPLERS:    4 
SAMPLING  PERIOD:    VIII-7-ts 


RANK 

1 

2 

3 

TOTAL 


ABUNDANCE 

5 
3 

I 
i 

10 


PE»C 

ENT 

OF  TOTAL 

EC 

.0 

30 

.0 

1  n 

.0 

1  c 

cO 

100.0 


01  VERS  ITV 

MAXIMUM     DIVERSITY 

MINIMUM     DIVERSITY 

REDUNDANCY 

EVENNESS 

CQUI TARIL I TY 

SPECIES     RICHNESS 


SHANNON 

1 

,6<3 

? 

.00 

1 

.  36 

Q 

.49 

c 

.84 

p 

.51 

1 

.  1°, 

BR  rLLOU  IN 

1  .23 
1  .46 

0.95 
0.45 

0.84 
0  .  56 
0.  6  7 


A-128 


Rn>T  2200.1 


MONTANA  OFPARTMENT  OF  F I SH  AND  GAME 
SPECIFS  DIVERSITY  ANALYSIS 
JULY  2,   19  76 


station:   Sidney 
numrfr  of  samplers:  $ 

SAMPLING  PFRino:    VIII-7-75 


RANK 

I 
?. 

4 

5 
6 

TOTAL 


ARUNDANCE 

7 
5 
4 
2 
2 
2 

22 


PERCENT 
OF  TOTAL 

M  .8 
22.7 

1  8.2 
P.  1 
P.  1 
P.  1 

100. 0 


ni versity 

MAXIMUM  DIVERSITY 

MINIMUM  DIVERSITY 
REDUNDANCY 
FVFNNFSS 
EOUI TAR IL I TY 
SPECIES  RICHNFSS 


SHANNON 

2.40 
2.58 
1  .31 
0.  14 
0.93 

0  .54 

1  .86 


RP  ILLOUIN 

1  .06 

2.  1  1 
O.QP 
0.13 
0.93 
0.62 
1  .  34 


y . .  . . 
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■    *  .'if-  ,**p**jr 


P^T  2200  .  1 


MONTANA   DFPAOTMFNT  OF  FISH  AND  GAMF 
SPff IFS  DIVERSITY  ANALYSIS 
JULY  ?,   1976 


-_- 


station:   sidnfy 
number  of  samplers!   6 
sampling  period:   viii-7-7s 


RANK 

1 

? 

3 
4 

TOTAL 


ABUNDANCE 

3 

2 
5 


PERC 

ENT 

OF     TOTAL 

3  3 

.3 

3  3 

.  3 

22 

.? 

1  1 

o   1 

10  0.0 


DI VFPSITY 

MAXIMUM  DIVERSITY 

MINIMUM     DIVERSITY 

REDUNDANCY 

EVENNESS 

EQU  ITABIL  ITY 

SPFCIES  RICHNESS 


SHANNON 

1  .89 
2.01 
1  .45 
0.20 

0  .9S 
0.60 

1  .29 


BRTLLOUIN 

!  .  37 
!  .4^ 
1  .00 
0.  IE 
0  .9E 
0.67 
0.70 


J      '  t ' 


- 


A-130 


w 


qot  22C0.1 


MONTANA  DFOAPTMFNT  OF  FISH  AND  GAMF 
QPECIr^  DIVERSITY  ANALYSIS 
JULY  ?  ,      1  Q76 


station:   sidnfy 

NUMBFp  OF  SAMPLEPS:    7 
SAMPLING  PFRIOD:    VIII-7-75 


RANK 

1 
2 

3 
4 
5 

6 
7 

R 
20 
TOTAL 


ABUNDANCE 

47 

?q 

25 
20 

6 

3 

? 

2 

Z 

1 

1  37 


PFPC 

FNT 

OF     T 

OTAL 

34 

.  3 

2  1 

.2 

1  « 

.2 

I  4 

**. 

4 

.4 

p 

.2 

1 

.  5 

1 

.5 

1 

.5 

0 

.7 

1  0  C .  0 


DI  VFPSI TY 

MAXIMUM  DIVERSITY 

MINIMUM  DIVERSITY 

RF  DUNDANC Y 

FVFNNFSS 

FOUr  T ABILITY 

SPECIES  RICHNESS 


SHANNON 

2.4R 
3.  32 
0  .56 
0.  3? 
0  .75 
0  .  35 
2.14 


OP ILLOUIN 

2.  3  3 

3.  12 

e.4f- 

n.  3C 
0.  75 
0.41 
1  .92 


A-131 


PPT  2200 . ! 


MONTANA  DFPAPTMFNT  OF  FISH  AND  GAMF 
SPPCIFS  DIVERSITY  ANALYSIS 
JULY  2,   1976 


/ 


station:   miles  city 

NUMBER  OF  SAMPLERS:    1 
SAMPLING  P^Pinn:   ix-8-75 


PANK 

? 

^ 
4 

S 
6 

7 
R 
9 

1  \ 

TOTAL 


APUNDANCE 

87 
44 
24 
1  6 
13 
12 

3 

2 

I 

1 

1 

2^4 


PERCFNT 
OF  TOTAL 

42.6 

2  1.6 
11.8 

7.8 

6.4 

5.9 

1  .5 

1  .0 

0.5 

0.5 

0.5 

loco 


OI VFPSITY 

MAXIMUM  DIVFRSITV 

MINI  MUM  D  I  VERS  I TY 

REDUNDANCY 

EVENNESS 

FOUtT ABIL  ITY 

SPFCIES  RICHMFSS 


SHANNON 

2 

.41 

T 

.4* 

0 

.45 

0 

.35 

0 

.70 

f\ 

.  31 

2 

.1  1 

BR  ILL  OUT N 

2.  29 

3. 30 
0.  37 
0.34 

0  .69 
0.  37 

1  .92 


^ 


A-132 


l__ 


RPT  2200.1 


MONTANA  DFPARTMENT  nF  FISH  AND  GAMF 
SPECIFS  OfV^PSITY  ANALYSIS 
JULV  2,   19^6 


station:   MILFS  CITY 
NUMBER  OF  SAMPLFRSt.   2 
SAMPLING  PFPinn:    IX-R-75 


RANK 

1 
2 
1 
4 

5 
6 

7 

a 

Q 
10 
1  1 
12 

TOTAL 


ABUNDANCF 

75 
52 
2  5 
10 
10 

4 

3 

3 

2 

1 

1 

3 

187 


PERCFNT 

OF  TOTAL 

40. 

I 

27. 

8 

1  3. 

4 

5. 

3 

50 

3 

?. 

1 

1  . 

6 

1  . 

ft 

I  . 

1 

0. 

5 

w  a 

5 

Co 

5 

100. 

0 

OI VEPSITv 

MAXIMUM  DIVERSITY 

MINIMUM  DIVERSITY 

REDUNDANCY 

CVENNESS 

EOUITABIL ITY 

SPECIES  RICHNESS 


SHANNON 

2 

.  3  3 

■3 

.58 

0 

.53 

0 

.  39 

o 

,6ft 

r» 

.32 

? 

.07 

BRILLOUIN 

2.  24 

3.40 
P  .44 
0.  39 
C  .ftft 
0.37 
1  .88 


c 


A-133 


WOT  ??00 . 1 


MONTANA  nfPARTMFNT  OF  FISH  AND  GAMF 

species  nivFPsiTY  analysis 

JULY  ? ,   1976 


station:   milfs  city 
numbfp  of  samplers:   3 
sampling  pfpioo:   ix-s-75 


RANK 

1 

2 

4 

5 
6 

7 

8 
9 

10 

1 1 

12 
13 

TOTAL 


ARUNDANCC 

1  30 
38 
31 
16 
10 
1  0 

5 

5 

2 

2 

1 

1 

'( 

25? 


PFRCENT 
OF  TOTAL 

51.6 
15.1 
!?.t 

6.  3 
4.  0 
4.0 
2.  0 
2.0 
0.8 
0.8 
0  .4 
0.4 
0.4 

100  .0 


Dl VERSITY 

MAXIMUM  DIVERSITY 

MINIMUM  DIVERSITY 

R^DUNDANC Y 

EVENNESS 

FQU! TABIL I  TV 

^ECIFS  RICHNESS 


SHA 

NNON 

2 

.  31 

3 

.7? 

0 

.45 

0 

.4? 

A 

.61 

r 

.29 

? 

.0  4 

P^ILLOUIN 

2.21 
3.54 

0  .  3P 

0  .4? 
<*  .6? 
C  .  34 

1  .87 


A-134 


^ 


RPT  2200.1 


MONTANA  DEPARTMrNT  OF  FISH  AND  GAMR 
S0FCIrS  DIVERSITY  ANALYSIS 
JULY  2.   1976 


station:   mrfs  city 
number  of  samplers:   4 
sampling  p^Rino:   ix-8-75 


RANK 

1 
? 

3 
4 

5 

7 

8 

9 
10 
'i  1 
12 

TOTAL 


ABUNDANCE 

SI 

4Q 

1  7 

i  5 

7 

6 

5 

4 

3 

7 

? 

1 

1  Q3 


PERCENT 
OF  TOTAL 

42.  0 
25e4 

h,9 

7  «R 

3*6 

3.  I 

2  ,6 

2.  1 

!  .6 

1  .6 

1  .0 
.     0.5 

1  ceo 


SHANNP 

01  VFPSI  TY 

2.  50 

MAXIMUM  DIVFRSITY 

3.5S 

MINIMUM  DIVERSITY 

0.51 

REDUNDANCY 

0.35 

FVFNNFSS 

0.7  0 

FOUI TABIL ITY 

0.33 

SPFCTES  RICHNESS 

2.17 

RPILLOUIN 

?.  75 
3.40 

0.43 
0.35 
0.69 

0  •  3B 

1  .97 


c 


A-135 


MONTANA   nEPAPTMFNT  OF  FISH  AND  GAM' 


PPT   ?20H  .  J 


SPECIE'S  DIVFRSITY  ANALYSIS 


JULY  2,   1976 


station:   milfs  city 
numbfr  of  samplers:   5 

SAMPLING  period:    IX-8-75 


■ — y 


RANK 


ABUNDANCE 


PERCENT 
OF  TQTAL 


I 
2 
3 
4 
5 

6 
7 
B 
Q 
10 


80 

18 

9 

5 
3 
1 
I 

1 
I 


6  4.0 
1  4  .4 

7.? 

4,8 

4.0 
2.4 
0.8 
0.8 
0.  8 
0  .8 


TOTAL 


125 


100.0 


SHANNON 


RRILLOUIN 


DIVERSITY 

MAXIMUM  DIVERSITY 

MINIMUM  DIV-RSITY 

REDUNDANCY 

EVENNESS 

EQUI  TABU.  1  TY 

SPFC IES  R ICHNFSS 


1  .  84 
3.32 

0  .61 
0  .55 
0.55 

0  .26 

1  .57 


1  .68 
3.11 

0.50 
0.55 
0.54 
0.30 
1  .  38 


w' 


A-136 


PPT      ??C  0  •  1 


i^^ 


MONTANA     DFPAPTMFNT     OF     FISH     AND     GAMF 
SPECIES     OIVFPSITy     ANALYSIS 
JULY     2.      197-S 


STATION:  MIL^S     CITY 

NUMBFR     OF     SAMPLERS:         6 
SAMPLING     PER  inn:         EX-8-75 


RANK 

s 

2 

3 
4 

s 

6 
7 
8 
9 

10 

TOTAL 


ARUNDANCF 

5"? 
40 
1  8 
12 

6 

6 

4 

2 

I 

I 

147 


PFRCENT 
OF     TOTAL 

18.8 
27.  ? 
1  2.2 

8.2 

4  .  1 

4.  1 

2.7 

1  .4 

0  .7 

0.7 

100.0 


SHANNON 

01  VFRSITY 

2.41 

MAXIMUM  DIVERSITY 

3  .32 

MINIMUM  DIVFRSITY 

0  .53 

REDUNDANCY 

0  .33 

EVENNESS 

0  .72 

EQUI TABIL ITY 

0.3  3 

SPECIES  RICHNESS 

2.0^ 

BRILLOUIN 

2.  26 

3.  13 

0.44 
0.  33 
0  .7? 

0  .3<? 

1  .  87 


W^^/ 


A-137 


PPT  2200.1 


MONTANA  OF  DART  MEZ  NT  OF  FISH  AND  GAME 
SPECIFS  DIVF»SITY  ANALYSIS 
JULY  2.   19^6 


^__-' 


station:   miles  c i ty 
numrep  of  samplers:   7 
sampling  period:   ix-8-75 


RANK 

1 
? 
% 

4 

5 

6 

7 

3 

<t 
10 
11 
12 
13 
1* 
15 
16 

TOTAL 


ABUNDANCE 

51C 
219 
132 

60 

56 

34 

25 

23 

1Q 

8 

7 

6 
4 

? 
7 

I 

1  1  08 


PERCENT 

OF  TOTAL 

4  6 

o^ 

1  9 

.8 

1  1 

.9 

5 

.4 

5 

.  1 

3 

.  1 

2 

.3 

7 

•  1 

1 

.7 

0 

o7 

0 

,6 

0 

.5 

0 

.4 

0 

.2 

A 
J 

.2 

0 

.  1 

100.0 


SHANNON 

D I VFRSITY 

2.4Q 

MAXIMUM  DIVERSITY 

4  .00 

MINIMUM  DIVERSITY 

0.16 

RFDUNDANCY 

0  .39 

EVFNNFSS 

0  .62 

EOUI T ABIL [Tv 

0  .25 

SPFCIFS  RICHNESS 

2.25 

RRTLLOUIN 

2.45 
3.94 
^  .  14 

0.  39 
0.6? 
0.  ?R 
2.17 


A-138 


^w 


c 


MONTANA  DEPARTMENT  OF  FISH  AND  GAME 
RPT  2200.1  SPECIFS  DIVFRSFTy  ANALYSTS 

JULY  ?,   1976 

station:   glendive 
number  of  samplfps:   1 
sampling  period:   ix-9-75 


RANK  ABUNDANCE 

1  a 

2  4 

3  4 

4  1 

TOTAL  17  no80 


MINIMUM  DIVERSITY  0.95  0.71 

REDUNDANCY  0.25  0.24 

EVENNESS  0,«7  0.86 

EQUITABIl.  ITY  0.4?  0.49 

SPECIES  RICHNESS  1.31  H.gj 


SHANNON 

I 

.71 

2 

.00 

0 

.95 

0 

.25 

0 

.37 

c 

.4? 

1 

.31 

PERCENT 

OF  TOTAL 

47,1 

23o5 

23e5 

5.9 

BOILLOUIN 

DIVERSITY  1.73  1.40 

MAXIMUM  DIVERSITY  2. CO  le63 


A-139 


RPT  2200.1 


MONTANA  DFPARTMFNT  OF  FISH  AND  GAMF 
SPECIES  DIVFRSITY  ANALYSIS 
JULY  2,   19  76 


station:   glendive 

NUMBER  nF  SAMPLERS:   2 
SAMPLING  PERIOD:    IX-9-75 


RANK 

1 
2 

3 

TOTAL 


ABUNDANCE 

4 

■? 

1 


PERCENT 

OF  TOTAL 

57.  1 

28.6 

1  4.3 

100.0 


OIVERSITY 

MAXIMUM  DIVERSITY 

MINIMUM  DIVERSITY 

REDUNDANCY 

EVENNESS 

EQUITABIL I TY 

SPECIES  RICHNESS 


SHANNON 

1 

.38 

i 

.58 

1 

.  15 

0 

.47 

0 

.87 

o 

.49 

o 

.89 

RRILLOUIN 

0.96 
1  .  10 
0.77 
0.43 
0  .87 
0.55 
0.41 


A-140 


c 


PPT  2200c! 


MONTANA  DEPARTMENT  OF  F I SH  AND  GAME 
SPECIES  DIVERSITY  ANALYSIS 
JULV  2,  19  7  6 


c 


station:   glfndive 
number  of  samplepst   3 
sampling  period:   ix-9-75 


RANK 

1 

2 
3 
4 
5 
6 

TOTAL 


AFUNDANCF 

14 

P 
1 

1 
i 

27 


PERCFNT 

OF  TOTAL 

5!  • 

<J 

33, 

3 

3- 

7 

3. 

7 

3* 

7 

3. 

7 

IOC  e0 


SHANNON 

D  I  V  F  R  S  I  T  Y 

1  »72 

MAXIMUM  DIVERSITY 

2.5S 

MINIMUM  DIVERSITY 

1.12 

REDUNDANCY 

0  -SO 

EVFNNESS 

0  .67 

EOUITABILI TY 

0.  36 

SPECIES  RICHNESS 

I  .36 

RRILLOUXN 

1  .42 

2*17 
r„86 
0  .  57 
P  .65 
0.41 

loOl 


A-141 


MONTANA  DEPARTMFNT  OF  FISH  AND  GAME 
rot  2200.1  SPFCIFS  DIVERSITY  ANALYSIS 

JULY  2,   1976 

station:   glfndivf 
number  of  samplers:   4 
sampling  period:   ix-9-75 


RANK  ABUNDANCE 

1  20 

?  7 

3  5 

4  2 

5  1 

6  1 

TOTAL  36                                                 100.0 


SHANNON 

DIVERSITY 

1  .84 

MAXIMUM  DIVERSITY 

2.58 

MINIMUM  DIVERSITY 

0.9-*> 

REDUNDANCY 

0  .44 

EVENNESS 

0  .71 

FOUITABILITY 

0  .  36 

SPFCIES  RICHNESS 

1  .49 

PERCENT 

OF  TOTAL 

55. 

6 

19. 

4 

1  3. 

9 

5, 

6 

2. 

8 

2. 

8 

BRILLOUIN 

1  .  58 
2.2C 
0.71 
0.44 
0.7C 
0.41 
1  .  17 


|        | 


A-142 


RRT  2200.1 


^ 


MONTANA  DEPARTMENT  OF  FISH  AND  GAME 
SPECIES  DIVERSITY  ANALYSIS 
JULY  2,  3  976 


station:   glendive 
numrfr  of  samplers:   5 
sampling  period:   ix-9-75 


RANK 

I 
2 
3 

5 

7 

8 

TOTAL 


ABUNDANCE 

3ft 
9 
5 
4 
2 

I 
61 


PERCENT 

OF  TOTAL 

62 

.3 

14 

.8 

8 

.2 

6 

.6 

3 

.3 

1 

.6 

1 

•  6 

1 

.6 

10C.0 


DIVERSITY 

MAXIMUM  DIVERSITY 

MINIMUM  DIVERSITY 

REDUNDANCY 

EVENNESS 

EOUITABILITY 

SPECIES  RICHNESS 


SHANNON 

1 

.84 

3 

»oi 

0 

.84 

0 

.54 

0 

.61 

0 

.31 

i 

.53 

BRILLOUIN 

1  .62 
2.  7C 
0.67 

0  .53 
0.60 
C.35 

1  .26 
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RP>T    2200.1 


MONTANA     OEPARTMFNT     OF     FISH     AND     GAMF 
SPECIES     DIVERSITY     ANALYSIS 
JULY     2 ,      197  6 


station:   glendive 
number  of  samplers:   6 
sampling  period:   ix-9-75 


RANK 

I 

? 

3 

5 
6 
7 
B 

TOTAL 


ABUNDANCE 

35 
24 

A 

3 

2 

1 

I 

I 

71 


PERCENT 
OF  TOTAL 

49.  3 

33.8 
5.  6 
4.  2 
2.8 
1  .4 
1  .4 
1  .4 

100.0 


DI VFRSITY 

MAXIMUM  DIVERSITY 

MINIMUM  DIVERSITY 

REDUNDANCY 

EVENNESS 

EQUITABIL I TY 

SPECIES  RICHNFSS 


SHANNON 

1  .  86 
3  .0"* 

0  .74 

0.50 
0.62 
0.30 

1  .56 


BPILLOUIN 

1  .67 
2.73' 

C.60 
0.  5C 

0  .61 
0.35 

1  .32 
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I 


MONTANA  OEPARTMFNT  OF  FISH  AND  GAME 
RPT  2200.1  SPECIES  DIVFRSITY  ANALYSIS 

JULY  2,   1976 

station:   glendive 
number  of  samplers:   7 
sampling  pfriod:   rx-9-75 


PFRCENT 

RANK               ABUNDANCE  OF  TOTAL 

1  11*  52.1 

2  41  1 R.7 

3  32  14.6 

4  8  3.7 

5  7  3.2 

6  7  3.2 

7  4  1.8 

8  3  1.4 

9  1  0.5 

10  1  0.5 

11  !  0.5 

TOTAL  219  100.0 


BRILLOUIN 

DIVFRSITY  2.14  ?9Q? 

MAXIMUM  DIVEPS1TY  3.46  3.31 


MINIMUM  DIVERSITY  0.42  0.35 

REDUNDANCY  0.43  0.43 

EVENNESS  0.62  0.61 

FOUITABILITY  0.27  0.32 

SPFCIES  RICHNESS  1.86  1.71 


SHANNON 

2 

.  14 

3 

.46 

0 

.4? 

0 

.43 

0 

.62 

0 

.27 

I 

.86 

t 


A-145 


MONTANA     DEPARTMENT     OF     FISH     AND     GAME 
RPT     2200.1  SPECIES    DIVERSITY     ANALYSIS 

JULY     2,      1976 

station:   intake 
number  of  samplers:   1 
sampling  period:   ix-9-75 


PERCENT 

RANK  ARUNDANCE  OF  TOTAL 

1  8  44.4 

2  7  ^8.9 

3  1  5.6 
*  1  5.6 
*>  5  5.6 

TOTAL  18  10  0.0 


RRILLOUIN 

DIVERSITY  1.74  1.38 

MAXIMUM  DIVERSITY  2.32  1.87 


MINIMUM  DIVERSITY  1.21  C.90 

REDUNDANCY  0.52  0.50 

EVENNESS  0.75  0.74 

EOUITABILITY  0.42  0.47 

SPECIES  RICHNESS  1.33  0.91 


SHANNON 

1 

.74 

2 

.32 

1 

.21 

0 

.52 

0 

.75 

0 

.42 

1 

.33 

x,  _-■ 


A-146 


c 


MONTANA  DEPARTMENT  OF  FISH  AND  GAME 
RPT  2200.1  SPECIES  DIVERSITY  ANALYSIS 

JULY  ?„   197*, 

STATION:    INTAKE 

NUMBER  OF  SAMPLERS:   2 
SAMPLING  PERIOD:    IX-9-75 


RANK  ABUNDANCE 

1  1  7 

2  6 

3  3 
A  ? 

5  1 

6  1 

TOTAL  30                  ICO.O 


C 


PERCENT 

OF     TOTAL 

56.7 

20.0 

10.0 

6.7 

3.3 

3.3 

SHANNON  BRILLOUIN 

DIVERSITY  1.85  1.54 

MAXIMUM  DIVERSITY  2. SB  2.21 

MINIMUM  DIVERSITY  1.04  O.BC 

REDUNDANCY  C4B  0.47 

EVENNESS  0.72  0.70 

EOUITABILITY  0.38  0.43 

SPECIES  RICHNESS  1.47  1.11 


A-147 


MONTANA  DEPARTMENT  OF  F I SH  AND  GAME 
OPT  2200.1  SPECJFS  DIVERSITY  ANALYSIS 

JULY  ?,   1976 

STATION:    INTAKE 
NUMBER  OF  SAMPLERS:    3 
SAMPLING  PERIOD:    I X-9-75 


RANK  ABUNDANCE 

1  A 

2  ? 

3  1 

4  1 

TOTAL  8  100.0 


PERCENT 

OF     TOTAL 

50 

oO 

25 

.0 

IP 

.5 

1  2 

.5 

SHANNON  PRILLOUIN 

DI VFRSITY  1 , 7S  1.21 

MAXIMUM  DIVERSITY  2.00  1.41 

MINIMUM  DIVERSITY  1.55  1.05 

REDUNDANCY  0.55  0.55 

FVENNESS  0.87  0.86 

EOUI  TABU.  I  TY  0.58  0.63 

SPECIES  RICHNFSS  1.17  0.58 


J 
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c 


RPT  22Q0.1 


MONTANA  DEPARTMENT  OF  FISH  AND  GAMF 
SPECIFS  DIVERSITY  ANALYSIS 
JULY  2,   197  6 


C 


station:   intakf 

number  op  samplers:   4 
sampling  period:   ix-9-75 


RANK 

1 
2 
3 

TOTAL 


ABUNDANCE 

1  4 
2 
1 

17 


PERCENT 

OF     TOTAL 

82 

.4 

1  1 

,8 

5 

i,R 

100 

.0 

DI VEPSITY 

MAXIMUM  DTVFRSITY 

MINIMUM  DIVERSITY 

PFDUNDANCY 

FVFNNFSS 

EOUI TABTLITY 

SPECIFS  PICHNFSS 


SHANNON 

0.8  3 
1  .5ft 
0  .64 
©•79 

0  .53 
G  .20 
0.63 


BRILLOU  IN 

0.65 

1  .32 
0  .48 

c.so 

0.49 
0  .23 
0.42 


A-149 


RPT  2200.1 


MONTANA  DEPARTMENT  OF  FISH  AND  GAME 
SPFCIES  DIVERSITY  ANALYSIS 
JULY  2,   1976 


STATION:    INTAKE 
NUMBER  OF  SAMPLERS:    5 
SAMPLING  PERIOD:    IX-9-75 


RANK 

1 
2 

TOTAL 


ABUNDANCE 

2 

I 
1 


PERCENT 

OF  TOTAL 

50.0 

25.0 

25.0 

100.0 


DIVERSITY 

MAXIMUM  DIVERSITY 

MINIMUM  DIVERSITY 

REDUNDANCY 

EVENNESS 

EOUTTABIL ITY 

SPECIFS  RICHNESS 


SHANNON 

1 

.50 

1 

.58 

! 

.50 

1 

.00 

0 

.95 

0 

.75 

0 

.75 

BRILLOU  IN 

0.90 
0.90 
0.90 
!  .75 
1  .00 
0  .78 
0.  11 


A-150 


RPT  ??00 , 1 


^ 


MONTANA  DFPARTMENT  OF  Ff^H  AND  GAME 
SPFCIFS  DIVERSITY  ANALYSIS 
JULY  ?,   1976 


station:   intake 

number  of  samplers:   6 
sampling  period:   ix-9-75 


RANK 

t 

? 
3 
4 

TOTAL 


ABUNDANC' 

1  3 
4 

3 
1 

21 


PERCENT 

OF  TOTAL 

61 

.9 

19 

,  0 

1  4 

.3 

4 

,8 

100.0 


SHANNON 

DI VERSITY 

1  »4Q 

MAXIMUM  DIVERSITY 

?.oo 

MINIMUM  DIVERSITY 

0  .82 

REDUNDANCY 

0.43 

EVFNNESS 

C.75 

EQUITAPILITY 

0  .34 

SPECTFS  RICHNESS 

1.15 

BRILLOUIN 

1  .23 

1  .68 
C.62 
0.43 

C.73 
0.39 
0.83 


W^^- 
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PPT     22C0.1 


MONTANA     DEPARTMENT     OF     FISH     AND     GAME 
SPECIES     DIVERSITY     ANALYSIS 
JULY     2,      1976 


-.._,■ 


station:   intake 
number  of  samplers:   7 
sampling  period:   i x-9-75 


RANK 

J 

2 

3 

5 
6 

7 

a 

o 
10 

TOTAL 


ABUNDANCE 

56 

IB 
5 
5 
4 
4 
2 
2 
1 
1 

98 


PERCENT 
OF  TOTAL 

57.1 
1  8.4 

5.  1 

5.  1 

4.  1 

4.  1 

2.0 

2.0 

1  .0 

1  .0 

100.0 


DI VFRSITY 
MAXIMUM  DIVERSITY 
MINIMUM  DIVERSITY 
REDUNDANCY 

EVENNESS 

rOU  ITARIL  TTY 

SPECIES  RICHNFSS 


SHANNON 

? 

.09 

3 

.32 

0 

.73 

Q 

.48 

o 

.63 

0 

.  3  2 

1 

.77 

BRILLOUIN 

1.89 

3.06 
0.6  0 
0.4  P- 
0.62 
0.^6 
1  .53 


A-152 


PPT  2?00.1 


MONTANA  DEPARTMENT  OF  FISH  AND  GAME 
SPFCIFS  DIVFPSITY  ANALYSIS 
JULY  2,   1976 


STATION:    SIDNEY 
NUMBER  OF  SAMPLERS:    1 
SAMPLING  PERIOD:    IX-9-75 


RANK 

I 
? 
3 

TOTAL 


ABUNDANCE 

4 

3 
? 


PERCENT 
OF  TOTAL 

44  .4 
33.3 
?2.2 

100. 0 


01 VFRSITY 

MAXIMUM  DIVERSITY 

MINIMUM  DIVERSITY 

RFDUNDANCY 

EVENNESS 

EOUTTABILITY 

SPFCIES  RICHNESS 


SHANNON 

1 

.53 

1 

.5B 

0 

.99 

0 

.09 

0 

.97 

0 

.48 

I 

.OS 

RRILLOUIN 

1  .  14 
1  .  19 

0.6P 
0.09 
0.96 
0.56 
0.59 


A-153 


PPT  2200.1 


MONTANA  DEPARTMFNT  OF  FISH  AND  GAME 
-SPFCIFS  OFVFBSITY  ANALYSIS 
JULY  ?,   197  6 


station:   sionfy 
number  of  samplers:   ? 
sampling  pfriod:   ix-9-75 


RANK 

1 
2 

3 

4 
5 
6 

TOTAL 


ABUNDANCE 

5 
5 
3 
P 
\ 
1 

17 


PERCENT 

OF  TOTAL 

29 

.4 

29 

,4 

1  7 

,6 

1  1 

„R 

5 

.9 

5 

.9 

100.  0 


SHANNON 

DIVERSITY 

2.3? 

MAXIMUM  DIVERSITY 

2.58 

MINIMUM  DIVERSITY 

1  .5* 

RFDUNDANC Y 

0  .25 

EVENNESS 

0.90 

EOU IT ABILITY 

0  .57 

SPFCIFS  RICHNESS 

1  .76 

BR ILLOUIN 

1  .82 
2.02 
1  .  15 

0.23 
0.90 
0.64 
1.18 


A-154 


c 


RPT  2200.1 


MONTANA  DFPARTMENT  OF  FISH  AND  GAME 
SPECIFS  DIVERSITY  ANALYSIS 
JULY  2.   1076 


c 


STATION:         SIDNEY 
NUMBER     OF     SAMPLERS:         3 
SAMPLING     PERIOD:  IX-9-75 


RANK 

1 
2 
3 

TOTAL 


ABUNDANCE 

7 
1 
1 


PERCENT 

OF  TOTAL 

77.8 

11.1 

11.1 

100.0 


SHANNON 

DI VERSITY 

0.99 

MAXIMUM  DIVERSITY 

I  .58 

MINIMUM  DIVERSITY 

0.99 

REDUNDANCY 

1  .00 

EVENNESS 

0.62 

^OUITABIL ITY 

0.31 

SPECIES  RICHNESS 

0  .68 

BRILLOUIN 


n 

.69 

1 

.  19 

0 

.  69 

1 

.00 

0 

.58 

0 

.33 

0 

.35 

A-155 


R"T  2200.1 


MONTANA  OFPAPTMENT  OF  FISH  AND  GAME 
SPFCIES  DIVERSITY  ANALYSIS 
JULY  2,  1976 


station;   SIDNEY 
NUMBER  OF  SAMPLERS:   4 
SAMPLING  PERIOD:    1X-9-75 


RANK 

1 

? 

3 

4 

TOTAL 


ABUNDANCE 

7 
2 
2 
I 

12 


PERCENT 

OF  TOTAL 

58, 

,  3 

16, 

,7 

1  6. 

i7 

a. 

,3 

1  C  0  .  0 


SHANNON 

DI VERSITY 

1  .61 

MAXIMUM  DIVERSITY 

2.00 

MINIMUM  DIVERSITY 

1  .21 

REDUNDANCY 

0.40 

EVENNESS 

0.81 

EOUI TABILITY 

0  .45 

SPECIES  RICHNESS 

1.16 

BRILLOUIN 

I  .21 
1  .54 

0.86 
0  .49 
0.79 
0.50 
0.71 


A-156 


MONTANA  DEPARTMENT  OF  FISH  AND  GAMF 


^ 


SPT  ?200 . 1 


SPFCIFS  DIVERSITY  ANALYSIS 


JULY  2,  1976 


c 


station:   sidnfy 
numbfr  of  samplers:   5 
sampling  period:   i x-9-75 


RANK 

il 

? 

TOTAL 


ABUNDANCE 

1 


PERCENT 

OF  TOTAL 

50.0 

50  .0 

10C.0 


SHANNON 

DIVERSITY 

1  .00 

MAXIMUM  DIVERSITY 

1  .00 

MINIMUM  DIVERSITY 

1  .00 

REDUNDANCY 

-Arv2.*r 

EVENNESS 

1  .00 

FQUITABIL  ITY 

1  .00 

SPECIES  RICHNESS 

0  .00 

BRILL OUIN 

0.50 
0.50 

0.50 

-*■#*»*  o 

1  .00 

1.00 
-0.50 


A-157 


R»T    2200.1 


MONTANA     DEPARTMENT     OF     FISH     AND     GAMF 
SPECIES    DIVERSITY     ANALYSIS 
JULY     2,      1976 


J 


STATION:         SIDNEY 
NUMBER    OF     SAMPLERS:        6 
SAMPLING     PFRIOD:         IX-9-75 


RANK 

1 

2 
3 
4 
5 
6 
7 

TOTAL 


ABUNDANCE 

10 

5 

5 

1 
I 

1 

24 


PERCENT 
OF     TOTAL 

41.7 

20.8 
20.8 

4.2 

4.2 

4.2 

4.2 

100.0 


SHANNON 

DI VPRSITY 

2.23 

MAXIMUM     DIVERSITY 

2.81 

MINIMUM     DIVERSITY 

1  .46 

RFDUNDANCY 

0  .43 

EVENNESS 

0  .80 

EQUITABILITY 

0  .49 

SPECIES     RICHNESS 

1  .75 

BR ILLOUIN 

1  .81 
2.29 
1.11 
0.41 

0.79 
0,55 
1  .26 


■s-l^V' 


A-158 


/ 


MONTANA     DEPARTMENT    OF    FISH    AND    GAME 
ROT     2200.1  SPECIFS     DIVFRSITY     ANALYSIS 

JULY     2.      1976 

STATION:    SIDNEY 
NUMBER  OF  SAMPLERS:    7 
SAMPLING  PERIOD!    I X-9-75 


PERCENT 

RANK              ABUNDANCE  OF  TOTAL 

1  34  46.6 

2  14  19.2 

3  7  9.6 

4  5  6. S 
■5  4  5.5 

6  3  4.1 

7  3  4.1 

5  1  1.4 
9  1  1.4 

10  I  1.4 

TOTAL  73  100.0 


SHANNON  BRILLOUIN 

DIVERSITY  2.42  2 ,  1 6 

MAXIMUM  DIVFRSITY  3.32  3.00 

MINIMUM  DIVERSITY  0.93  0.75 

RFDUNDANCY  0.38  0.37 

EVFNNES5  C.73  0.72 

^OUITABIL ITY  0.39  0.45 

SPECIES  RICHNESS  2.03  1.71 


A-159 


RPT  2200.1 


MONTANA  DFPAPTMENT  OF  FISH  AND  GAMF 
SPECIFS  DIVERSITY  ANALYSTS 
JULY  2.  197  6 


station:   miles  city 
number  of  samplers:   1 

sampling  period:   x-8-75 


RANK 

1 
.  2 

3 
4 

5 
6 

7 

s 

9 

10 

TOTAL 


ABUNDANCE 

31 
21 
13 

? 

2 
1 
I 

1 

1 

77 


Pf 

:RC 

ENT 

OF  TOTAL 

40 

.3 

27 

.3 

1  6 

.R 

5 

.2 

2 

.6 

2 

.6 

1 

.3 

1 

.3 

1 

.3 

1 

.3 

1  0  C  .  0 


SHANNON 

DIVERSITY 

2.  29 

MAXIMUM  DIVERSITY 

3  .32 

MINIMUM  DIVERSITY 

0  .89 

REDUNDANCY 

0.4? 

EVENNESS 

0  .69 

C0UITABIL I  TV 

0„  37 

SPECIES  RICHNESS 

!  .93 

PTLLOUIN 

2 

.06 

3 

.01 

o 

.72 

0 

.42 

A 

.68 

0 

.42 

1 

.64 

w 


A-160 


R"T  2  200.1 


MONTANA  DEPARTMENT  OF  FISH  AND  GAMF 
SPECIES  DIVERSITY  ANALYSIS 
JULY  2.  1976 


station:   miles  city 
number  of  samplers:   2 
sampling  period:   x-8-75 


RANK 

I 

2 
3 

4 

5 

ft 

7 
R 
9 

TOTAL 


ABUNDANCF 

46 
38 

8 
8 

4 

2 
I 

1 

1  10 


PERCENT 

OF  TOTAL 

41  , 

.8 

34, 

.5 

7, 

=  3 

7, 

.3 

3. 

,6 

1  , 

.8 

1  , 

>8 

0< 

,  Q 

Q, 

>9 

100.0 


DI VFRSI TY 

MAXIMUM  DIVERSITY 

MINIMUM  DIVERSITY 

REDUNDANCY 

EVFNNFSS 

EOUITARILITY 

SPECIES  RICHNFSS 


SHANNON 

2 

.  1 1 

3 

.  17 

0 

.59 

0 

.41 

0 

.67 

0 

.31 

1 

.80 

RRILLOUIN 

1  .95 
2.96 
0.49 
0.4i 
0.66 
C  .36 
1.59 


'--^. 


A-161 


RPT  2200.1 


MONTANA  DEPARTMENT  OF  FISH  AND  GAME 
SPFCIFS  DIVERSITY  ANALYSIS 
JULY  2.   1076 


station:   miles  city 
number  of  samplers:   3 
sampling  period:   x-8-75 


RANK 

1 
2 
3 

4 

5 
6 
7 

a 

TOTAL 


ABUNDANCE 

78 

S 
4 
"-: 
? 
I 
1 

1  34 


PERCENT 

OF  TOTAL 

58, 

,2 

29. 

.9 

3. 

,7 

3. 

,0 

?c 

2 

1 . 

5 

0  • 

7 

0... 

7 

IOC  .0 


D! VFRSITY 
MAXIMUM  DIVFRSITY 
MINIMUM  DIVERSITY 
^FDUNDANCV 

FVFNNESS 
POU  ITABIL  ITY 
SPECIES  RICHNESS 


SHANNON 

\ 

.62 

3 

.00 

0 

.44 

n 

.54 

0 

.54 

0 

.21 

1 

.39 

BRILLOUIN 

1  .51 
2.83 
0.  37 

0.54 
0.53 
0.27 
1  .24 


A-162 


MONTANA     DFPARTMFNT     OF     FISH     AND     GAMP 
RPT     2200.1  SOPCIfS     DIVERSITY     ANALYSIS 

JULY     2,      1976 

station:   miles  city 
number  of  samplers:   4 
sampling  period:   x-8-7s 


PANK  ABUNDANCE 

1  23 

2  24 

3  1  3 

4  fl 

5  3 

6  2 

7  2 
P,  1 


TOTAL  81  100. 0 


MINIMUM  DIVERSITY  0.67  0.54 

REDUNDANCY  0.29  0.29 

FVFNNFSS  0,77  0.77 

FOUITABTLITY  0.37  0.43 

SPFC1ES  RICHNESS  1.96  1.69 


SHANNON 

2 

.  32 

3 

.00 

0 

.67 

0 

.29 

0 

•  77 

0 

.37 

l 

.96 

PERCENT 

OF  TOTAL 

34. 

6 

29. 

6 

1  6. 

0 

9. 

9 

3. 

7 

2. 

5 

2  a 

5 

1  . 

J? 

BR  ILLOUIN 

DIVERSITY  2.32  2.12 

MAXIMUM  DIVERSITY  3.00  2.76 


A-16- 


i?  p  T  •?  2  0  C  •  1 


MONTANA  DFPARTMFNT  OF  FISH  AND  CAME 
SPECIFS  OIVFPSITY  ANALYSIS 
JULY  2.   1976 


_, 


STATION:         MILFS     CITY 

NUMRFR     OF     SAMPLERS:         5 
SAMPLING     PERIOO:         x-8-75 


RANK 

I 

2 
3 

■i 
5 
6 
7 
p. 
9 

1  1 

TOTAL 


ABUNDANCE 

27 
14 
12 

3 
3 


70 


PERCENT 
OF     TOTAL 

38.6 
20.0 
17.  1 

P. 6 

4.3 

4.3 

1  .4 

1  .4 

1  .4 

1  .4 

1  .4 

100.0 


SHANNON 

OIVFPSITY 

2.56 

MAXIMUM  DIVERSITY 

3.46 

MINIMUM  DIVERSITY 

1  .07 

REDUNDANCY 

0  .38 

EVENNESS 

0  .74 

FQUITABTL  f TY 

0.4? 

SPFCIES  RICHNESS 

2  .  14 

BR  TLLOUIN 

2.28 
3.10 
0.  86 
0.37 

0  .74 
0.48 

1  .80 


A-164 


^ 


noj    ??on, 5 


MONTANA  DEPARTMENT  OF  FISH  AND  GAME 
SPECIES  D!VCPS!TY  ANALYSIS 
JULY  ?»   1976 


station:   miles  city 
numrfr  of  samplers:   6 
sampling  period:   x-8-75 


RANK 

1 

? 

5 
6 

7 

8 

TOTAL 


ABUNDANCE 

34 
1  « 
12 

4 

2 

1 

i 

1 

74 


PERCENT 

OF  TOTAL 

45, 

9 

25 

,7 

I   6 

■  2 

5, 

4 

2 

.7 

1  . 

,4 

2  . 

4 

1  , 

.4 

100.0 


Dt  VFRSITY 

MAXIMUM  OIVFRSITY 

MINIMUM  DIVERSITY 

REDUNDANCY 

EVENNESS 

EOUITABILITY 

SPECIFS    PICHNFSS 


SHANNON 

2 

.0* 

3 

.00 

•': 

.72 

0 

.41 

0 

.69 

0 

.37 

1 

.73 

BRILLOUIN 

1  .87 
2.74 
0.58 
0.40 
0.68 
0.39 
1  .48 


A-165 


f;3"".*r'j»;;'":'-s"'  ■•(< 


RPT  220".  1 


MONTANA  DEPARTMENT  OF  FISH  AND  GAME 
SPECIES  OIVFRSITY  ANALYSIS 
JULY  2.   1976 


W 


station:   miles  city 
number  of  samplers:   7 
sampling  period:   x-8-75 


RANK 


3 

3 

4 

5 

6 

7 

« 

9 

10 

11 

12 

13 

14 

15 

16 

17 

TOTAL 

ABUNDANCE 

215 

121 

1  06 

5? 

1  1 

1  0 

a 

5 

4 

3 

3 

2 

2 

1 

1 

i 

I 

546 


PERCENT 
OF  TOTAL 

^9.4 
22.2 

19.4 
9.5 
2.0 
1  .8 
1  .5 
0.9 
0.7 
0  .5 
0.5 
0  .4 
0.4 
0.2 
0.2 
0.2 
0.  2 

100.0 


SHANNON 

DI VE^SITY 

2.4? 

MAXIMUM  DIVERSITY 

4  .OP 

MINIMUM   DIVERSITY 

0.31 

REDUNDANCY 

0  .44 

CVENNPSS 

0.51 

EOUITABIL ITY 

0  .27 

SPECIES  RICHNESS 

2.16 

BRILLOUIN 

2.35 
3.  9  E 
C.  27 
0.44 
0.59 
0.  31 
2.  04 


A-166 


*■,;,.  .>«**^w™,'i 


c 


MONTANA  DEPARTMENT  OF  FISH  AND  GAME 
PPT  2?C0.1  SPECIES  DIVERSITY  ANALYSIS 

JULY  2,   19^6 

station:   glenotvf 
number  of  samplers:   1 
sampling  period:   x-9-75 


PERCENT 

RANK  ARUNDANCF  OF     TOTAL 

1  74  63.8 

2  15  1 2.9 

3  8  6.9 

4  8  6.9 

5  4  3.4 

6  2  1.7 

7  2  1.7 

8  2  1.7 

9  1  0.9 

TOTAL  116  100.0 


BR  FLLOUIN 

DI VERSITY  1 .86  1  .70 

MAXIMUM  DIVERSITY  3.17  2.96 


MINIMUM  DIVERSITY  0.57  C.47 

REDUNDANCY  0.50  ? . 5 1 

EVENNESS  0.59  0.57 

EQUITABILITY  0.27  n.31 

SPECIES  RICHNESS  1.59  1.39 


SHANNON 

1 

.86 

3 

.  17 

0 

.57 

0 

.50 

0 

.59 

0 

.27 

1 

.50 

c 


A-167 


RPT     2200.1 


MONTANA      OEPARTMFNT     OF     FISH     AND     GAMP 
SPFCIES     DIVFPSITY     ANALYSIS 
JULY     2.      197  6 


.        ) 


station:   glfnoivf 

NUMRFR  OF   SAMPLER^:    2 
SAMPLING  PERIOD:    X-9-75 


RANK 

'! 
2 

3 

5 
6 

TOTAL 


ABUNDANCE 

22 

1  1 
6 

3 

I 
45 


PERCENT 

OF  TOTAL 

48 

.9 

24 

.4 

!  3, 

.  3 

6 

:7 

4 

,4 

2. 

,2 

100. 0 


DI VFRSITY 

MAXIMUM  DIVERSITY 

MINIMUM  DIVERSITY 

RFnUNOANCY 

FVFNNESS 

pOU IT ABIL  ITY 

S^FCIFS  RICHNESS 


SHANNON 

I 

.97 

2 

.58 

0 

.76 

0 

.34 

0 

.76 

0 

.36 

i 

•  fil 

BRILLOUIN 

1  .73 
2.30 
0.  60 
0.  33 

0  .75 
0.4  2 

1  .32 


-. 


A-168 


onr    ??on.i 


MONTANA     OFPARTMFNT     OF     FISH     AND     GAME 
SPECIFS     DIVFRStTY     ANALYSIS 
JULY     ?,      197ft 


station:   glfmoivf 

NUMBER  OF  SAMPLERS:    3 
SAMPLING  PERIOD:    X-9-75 


RANK 

" 

2 
3 
ft 

S 
6 

7 

TOTAL 


ABUNDANCE 

38 
?? 
I  1 

8 

4 
? 
\ 

86 


PERCE 

INT 

OF  TOTAL 

44, 

.2 

25 

.6 

1  2 

.8 

9 

,3 

4 

,7 

2 

•  3 

1 

.  ? 

100.0 


SHANNON 

0  1 VCRSI TY 

2.  1  3 

MAXIMUM  DIVERSITY 

2.81 

MINIMUM  DIVERSITY 

C  .55 

RFDUNDANCY 

C  .30 

FVFNNFSS 

0  .76 

EOUITABILI TY 

0.33 

SPECIES  RICHNESS 

1  .80 

BRILLOUIN 

1  .96 
2.60 
0  .45 

r.3C 

0.75 

0  ,3Q 

1  .57 


W 


A-165 


PPT   ??On  .  1 


MONTANA  DEPARTMENT  OF  FISH  AND  GAMF 
SPECIES  DIVFRSITY  ANALYSES 
JULY  2,  1976 


W 


station:      glendivf 

NUMBER     OF     SAMPLERS:         4 
"SAMPLING     PFRIOD:         X-Q-75 


RANK 

2 

4 

5 

6 
7 

TOTAL 


ABUNDANCE 

46 
7 

7 

5 
4 
ft 

2 

75 


PERCENT 

OF  TOTAL 

61  . 

3 

9. 

3 

9. 

3 

6. 

T 

5. 

3 

So 

3 

2. 

7 

100. 0 


ni VERSITY 

MAXIMUM     DIVERSITY 

MINIMUM  DIVERSITY 

REDUNDANCY 

FVENN^SS 

FOUITABIL  I  TV 

SPECIES    RICHNESS 


SHANNON 

I 

.92 

? 

.81 

0 

.61 

0 

.4  0 

r\ 

.63 

0 

.31 

1 

.61 

BPILLOUIN 

1  .73 
2.56 
0.4<5 
0.41 

0.67 
0.36 
1  .37 


A-170 


PPT  ??00  .  1 


MONTANA  orPAPTMENT  OF  FISH  AND  GAME 
SPFCIES  OIVFPSITY  ANALYSIS 
JULY  ?,   1976 


station:   glfnoivf 

NUMRER    OF     SAMPt  EPS:        5 

sampling  pfriod:   x-9-75 


RANK. 


ABUNDANCE 


PERCENT 
OF  TOTAL 


1 
? 

4 
5 
6 

7 


15 
12 

3 
2 
? 

1 
1 


41  .7 
33.3 

8.3 
5.6 
5.6 
2.8 
2.8 


TOTAL 


36 


100.0 


DI VFRSI TY 

MAXIMUM  DIVERSITY 

MINIMUM  DIVERSITY 

RFDUNDAMCY 

FVFNNESS 

F0UITA8ILITY 

SPFCIFS     RICHNESS 


SHA 

NNON 

2 

.  10 

? 

.81 

I 

.08 

0 

.4  1 

0 

.75 

c 

.4! 

1 

.70 

BR ILLDUIN 

1  .70 
2.4? 
0.84 
0.40 
0.74 
0.47 
1  .32 


A -171 


RPT     2P0  0.1 


MONTANA     OEPARTMFNT      OF     FISH     AND     GAMF 
SPFCIFS    DIVERSITY     ANALYSIS 
JULY     ?,      1Q76 


STATION*.  GLrND[VF 

NUMOFR     OT     SAmPlFRS:         6 
SAMPLING     PPPinD:  X-P-7S 


RANK 

1 
? 
3 
4 

6 

TOTAL 


ABUNDANCE 

1  R 

5 

1 
1 
I 

70 


Pf 

URGENT 

OF     T 

OTAL 

6  3 

.3 

1  6 

.7 

1  0 

.0 

3 

o  3 

T 

.  3 

T 

.  3 

100.0 


r>i  VFPSITY 

MAXIMUM  DIV~PSITY 

MINIMUM  DIVERSITY 

RFr>UNDANCV 

FVFNNF  SS 

FOUI TABIL I TY 

SPFCTFS     RICHNESS 


SHANNON 

1 

,67 

? 

.5* 

1 

.34 

r. 

.5^> 

0 

.65 

o 

.  34 

1 

•  *"* 

PR  I LLOUIN 

1  .  38 
?.  ?\ 
C.  BC 
C  .59 
0  .6? 

0  .  3B 

1  .00 


A-172 


MONTANA  DFPAPTMENT  nF  FISH  AND  GAMP 


QfT  ??01 . \ 


c 


SPfflF';  OTVFRSITY  ANALVSI 
JULY  ?,   1976 


station:   glfnptvf 
numbfp  of  samplers:  t 
sampling  ppRino:   x-9-75 


RANK 

\ 
? 

3 

5 
6 

-7 

6 
TOTAL 


ABUNDANCE 

1  P4 

77 
50 
3  3 
!  R 
q 

« 
7 

1 
I 

33° 


PERCENT 

OF     TOTAL 

47 

,  4 

1  9 

,a 

!  2 

,  o 

e 

„5 

4 

.6 

2 

.3 

2 

.  1 

I 

.8 

0 

.3 

c 

o^ 

10  0.0 


niVFRSITV 

MAXIMUM  DIVERSITY 

MINIMUM     0  I  V-PSI  TY 

RFDUNDANCV 

EVENNESS 

*OUI  TAB.lL  I  TY 

SPEC  IES     R  ICHNESS 


SHANNON 

2.  25 
3  .3? 

r?  .23 

0  .35 

0  .68 
0»2ft 

1  .99 


RRILl OUIN 

2.  18 

3.2  3 
G.2C 

0.  35 
C  .  6« 
0.30 

i .  aa 


C 


A-173 


POT      ??o  0  •  1 


MONTANA     PEPARTMPNT     PF     F  \  SH      AND     GAMF 
SPFCIFS     r)IVfP5ITY     ANALYSIS 
JULY     ?,      19  76 


station:   intake 
numrfp  of  samplers:   1 

SAMPLING  PERIOD:    y_9_75 


RANK 

1 
2 

3 

4 
5 

ft 
7 

9 
10 

TOT  AL 


ABUNDANCE 

45 
3P 
2Q 
25 

O 

6 

1 

1 

I 

1 

1  5ft 


PERCENT 

OF      TOTAL 

2P 

.s 

24 

.4 

1  P. 

.6 

1  ft 

.0 

5 

.8 

7 

.8 

r 

•  ft 

c 

.ft 

o 

.6 

0 

.6 

lcr.o 


ni veps  ITY 

MAXIMUM  DIVERSITY 

MINIMUM  DIVERSIFY 

Rf OUNDANTY 

^V^NNFSS 

FOU  IT  ARIL  ITY 

SPECIES  RICHNESS 


SHANNON 

2.4Q 
3.3? 

n  .so 
n  .20 

c.75 
0.  34 

2.15 


BPILLOUIN 

2.35 
3.14 
0.42 

0.29 
0.75 
0.4O 
1  .95 


A-174 


DPT   2^00  ,  1 


MONTANA  OPPAPTMFNT  nF  FISH  AND  GAME 
^PFCIES  PIVc"OSITY  ANALYSIS 


JULY  ? ,   1  R  7  6 


station:   intake 
number  of  samplers:   ? 
sampling  PFPinn:   x-g-zs 


RANK 

1 

2 

•-, 

4 

5 

IS 
7 

TOTAL 


ARUNDANO 

Q 
e. 

3 
2 

I 
I 
1 

23 


PFRCFNT 
OF  TOTAL 

30.  1 

?*.  1 

13.0 
P.  7 
4.3 
A  .3 
A. 3 

10  0.0 


n  T  V  F  R  S  I  T  Y 

MAXIMUM  DIVERSITY 
MINIMUM  DIVERSITY 
REDUNDANCY 
PVE.NNPSS 
EOUIT ARIL  I TY 
SPFCIES  PICHN^SS 


~H  ANN  TN 

2 

.  3? 

2 

.81 

1 

.SO 

C 

.  38 

ri 

.  82 

c 

.51 

1 

.80 

BR ILLOUIN 

1  .87 
2.28 
1  .  1* 

0  .36 
0.82 
n.56 

1  .?9 


A-175 


r?r»T      ??Or,.l 


MONTANA     DEPARTMFNT     OF     FISH     AND     GAMP 
SDFCTFS    DIVERSITY     ANALYSIS 
JULY     2.      1976 


„ 


station:   intake 

number  of  samplers:   3 

SAMPLING     PERIOD:         x-9-75 


RANK 

1 
■? 

4 
5 

TOTAL 


ABUNDANCE 

ir 

1  5 

10 

R 

1 

PERCENT 

OF  TOTAL 

46, 

,9 

2  3 

.4 

1  5, 

.6 

!  ? 

,5 

1  . 

.6 

64 


100.0 


01 V^PSITY 
MAXIMUM     DIVERSITY 
MI  N  I  M(JM     D  I  VERS!  TY 
REDUNDANCY 

EVENNESS 
FQUITARIL I TY 
SPFCIES     RICHNESS 


HANNON 

1 

.89 

2 

.32 

0 

.46 

r. 

.23 

n 

.8  1 

0 

.3? 

1 

.58 

RPILLOUIN 

1  .  73 
?.  14 
C  .  37 
0.23 
0.81 
0.37 
1  .  36 


w; 


A-176 


-jot  2  ? O  .  ! 


MONTANA  DFPARTWFNT  OF  FISH  AND  GAME 
SOFCIFS  DIVERSITY  ANALYSIS 
JULY  ? ,   19  7  6 


station:   INTAKE 
NUMRFR  OF  SAMPLpRS:    4 
SAMPLING  PEPino:    X-9-75 


RANK 

1 
2 

3 

5 
TOTAL 


ABUNDANCE 

2* 

3 
2 
2 

3« 


PFRCENT 

OF  TQTAL 

6  P.  4 

1  3.  2 

7.9 

5.3 

5.3 

100.0 


01 VERSITY 

MAXIMUM  DIVERSITY 

MINIMUM  DIVERSITY 

REDUNDANCY 

EVENNESS 

B  o  U  I  T  A  R  I  L  I  T  Y 

SPECIES  RICHNESS 


SHANNON 

1 

.50 

2 

.32 

0 

.70 

r\ 

.51 

0 

.64 

0 

.29 

1 

.21 

RRILLOUIN 

1  .28 

2.05 
0.55 
0.51 
0.62 
0.13 
0.95 


A-177 


r f> t  ??nn,i 


MONTANA   OF PAO TMf NT  OF  FISH   AND  GAME 
SPECIES  OIVFRSITY  ANALYSIS 
JULY  ?,   1976 


station:   intake 
nuwpfr  hf  samplers:   5 
sampling  period:   x-9-75 


._. 


RANK 

1 

?. 
3 
* 
5 
ft 
7 

TOTAL. 


ARUNDANCF 

1  1 

9 

B 

1 
! 
1 

32 


PFRCFNT 

OF  TOTAL 

34  .4 

28.  1 

1  5.6 

1  2.5 

3.  1 

3.  1 

3.1 

100.0 


ni VERSITY 

MAXIMUM  DIVERSITY 

MINI  MUM  D  I  VFPSI TY 

r^FOUNDANCY 

F VFNMESS 

FQUI  TABU  I  TY 

SPFCIFS  PTCHNESS 


SHANNON 

2 

.  31 

2 

.81 

1 

.  i  n 

0 

.  31 

n 

.82 

0 

.46 

1 

.85 

BRILLOU IN 

1.95 

2.  38 
0.92 
0.  2° 

0  .82 
0.53 

1  .4? 


W 


A-178 


PPT   ??00  .  1 


C 


MONTANA  OFPAPTMFNT  OF  FISH  AN"  GAMF 
SPFCIFS  nTVFPSITY  ANALYSIS 
JULY  ?,   19  7  6 


station:   intakf 

NUMBFP  OF  SAMPt  EPS:    6 
SAMPLING  PFPIOD:    X-9-75 


RANK 

1 

2 

3 
4 

S 
ft 

TOTAL 


ABUNDANCE 

4  8 
45 
22 

7 
4 

2 

1  2B 


PFPCFNT 

OF   TOTAL 

37 

,5 

35 

.2 

1  7, 

.2 

5. 

.5 

■a 

.1 

5 

.6 

I  0  0  .  0 


01 VFPS ITY 

MAXIMUM  DIVERSITY 

MINI  MUM  p  f  VFPS  I TY 

PFDUNOANCY 

FVFNNFSS 

rou ITftpiL  ITY 

SPFC IES  P ICHNFSS 


SHANNON 

1 

.98 

2 

.58 

0 

.33 

0 

.27 

0 

.76 

0 

.28 

1 

.69 

RP! LLOUI N 

1  .87 
2.46 
P.  27 
0.27 
C.76 
".33 
1  .53 


c 


A-179 


DPT      ??00,  1 


MONT  AN)  A     DEPARTMENT     OF     FISH     AND     GAMF. 
SPFCTFS     n>lVFP5ITY     ANALYSIS 
JULY     ?,      197  6 


station:        intakf 
numrfr    of    sampler*?:       7 
SAMPLING     PFRinn;         x-9-7^ 


RANK 

I 
2 

3 
4 

5 
6 

7 
O 

10 
I  I 
12 
17 

TQT&L 


BUNDANC 

1  31 

1  29 

79 

6B 

1  2 

12 

3 

P 

1 

1 

1 

i 

1 

PFPCFNT 

OF  TOTAL 

29 

.7 

29 

.3 

1  7 

.0 

1  5 

.4 

2 

0^ 

p 

.7 

G 

.7 

0 

.5 

0 

.  2 

0 

.2 

?> 

.? 

0 

.2 

o 

o2 

441 


i  o  r .  o 


DI VFQSI TY 

MAXIMUM     DIVFP^ITv 
MINIMUM     OIVFPSITY 
PF  OUNOANC  Y 
FVFNN^SS 
FOUI TABIL I TY 
SnPCTcS     PICMNFSS 


SHANNON 

2.37 
3.7  0 
0  .23 
0  .  39 
0  .64 
0  .27 
2.10 


BP ILLOUIN 

2.30 
"5.60 
0.24 

0.39 
0.*4 
0.31 
1  .99 


, 


A-130 


c 


or>T      ?2?"»  .  1 


MONTANA     DEPARTMENT     OF     FISH     AND     GAME 
SPEC  IF S    DIVERSITY    ANALYSIS 

JULY      ?,       197fS 


station:   sidnfy 
numrfr  of  samplers:   ! 
sampling  pfrioo:   x-q-7s 


RANK 

I 

2 

^ 

4 

5 
6 

7 

TOTAL 


ABUNDANCE 
1  ft 

4 

2 
1 
i 
1 

32 


PERCENT 

OF  TOTAL 

CC 

.0 

21 

.<9 

1  2 

.  5 

6 

.  3 

■  3 

.1 

3 

.  1 

3 

o  1 

iOC.O 


D  I  VFPS  I  T Y 

MAXIMUM     DIVERSITY 

MINIMUM     DIVERSITY 
REDUNDANCY 

FVFNNESS 
-OUI TAHIL I TY 
SP^CIFS     RICHNESS 


SHANNON 

2 

.07 

2 

.81 

1 

.  1  R 

i") 

.45 

0 

.74 

r) 

.4  1 

I 

.66 

QP  I L LOU  IN 

1  .  74 
2.  38 
C  .Q? 
0.44 
0.73 
C  .47 
1  .  2ft 


A-131 


pni     ??o;  .  i 


MONTANA     OFPARTMFNT     OF     FISH      AND     GAME 
SPrftFS     OIV^PSTTY     ANALYSIS 
JULY     9,      iQ7fS 


^J 


station:        SIDNEY 
NU^BFP     OF"     SAMPIFRS:  2 

SAMPLING     PF"IOO:  X-9-7S 


RANK 

I 
2 
7, 
4 

s 

TOTAL 


ABUNDANCE 

1  3 
1  1 

6 

? 

1 

3  3 


PERfFNT 

OF  TOTAL 

"*9 

.4 

33 

.3 

1  R 

.3 

6 

.1 

3 

0  0 

loo.o 


OT  VFPSI T Y 

MAXIMUM     DIVERSITY 

minimum     OTVFWSITV 

WFOUNDANTY 

>"VP  NN^SS 

FOU  IT  ABII..   TTY 

SPFFIFS     PICHNFSS 


HANNON 

1 

.90 

? 

.3? 

f\ 

.  73 

n 

.27 

c 

.82 

0 

.  3S 

1 

.S3 

PRI LLOUIN 

I  .65 
?.03 
0.60 
0.  26 
0.81 
0.44 
1.21 


^J 


A-1G2 


c 


RPT      2  2C0 . 1 


MONTANA      DFPAPTMFNT     OF     FISH     AND     G4MF 
SP^CFS     DIVERSITY     ANALYSIS 
JULY     2.       I  "976 


STAT  ion:        SI DNFY 

NIJMPFP      riF      SAMPl_FPS:  3 

sampling  p^Rinr:   x-9-75 


RANK 

1 

2 
3 

4 
H 

6 
7 

a 

TOT  AL 


ABUNDANCE 

28 

21 

7 

3 
? 
1 
1 


PFPf 

FNT 

OF     T 

OTAI 

4  1 

.2 

.10 

.9 

1  0 

.3 

7 

.  4 

4 

.4 

2 

.9 

1 

.  5 

1 

.5 

100 

.0 

OIVFP5ITY 

MAXIMUM  DIVERSITY 

MINIMUM  DIVERSITY 

PCD UNO ANT v 

FVFNNFS5 

FOUI TARIL I TY 

qnFCIFF  RICHNESS 


SHANNON 

2.1^ 

3.0  0 
0  .77 

0.36 
0.73 

0  .36 

1  .  fll 


BR  ILL OU  IN 

1  .97 
2.  72 
0  .6? 
0.36 
0  .72 

0  .42 

1  .55 


A-133 


wpt  ?;»3r» ,  i 


MONTANA  DEPARTMENT  OF  FISH  AND  GAME 
SPF-C.IES  DIVERSITY  ANALYSIS 
JULY  2,   197  6 


station:      Sidney 

NUMBER    nF     SAMPLERS:        4 
SAMPLING     PERIOD:  X-Q-75 


R  ANK 

5 
? 

4 

<5 
ft 

7 

TOTAL 


AOUNDANCF 

2S 
I  7 
10 

8 

3 

3 

1 
A? 


PERCENT 

OF  TOTAL 

37 

.3 

?5 

.4 

1  4 

.9 

i  1 

.9 

4 

.5 

4 

,5 

1 

.5 

100.0 


DI  VF.RSI  TY 

MAXIMUM     DIVFDSITV 

MINIMUM     DIVFPSITY 

PTDUNDANCV 

F  VFNN^SS 

FOUITABI!.   ITY 

SPPC  IFS     P  ICHNF^S 


SHANNON 

2 

.  30 

2 

.31 

Q 

.67 

0 

.24 

0 

.82 

0 

.38 

1 

.92 

BRILL OU  IN 

2.09 
2.56 
0  .54 
0.23 
0.8  2 

0  .45 

1  .  64 


A-184 


Rr>y     ?  ?00  .  1 


(^ 


MHNTANA     DEPARTMENT     PT     FISH      AND     GAMP 
SPFrrs     0IVO5ITV      ANALYSIS 
JUi    Y      ?,       1  9  76 


station:   stonfy 
numbfp  pf  samplers:   5 

SAMPLING     P^PIPP:         y_q_75 


RANK 


APUNPANCE 


PERCENT 
OF      TOTAL 


I 

■*, 
4 
5 
ft 

7 
fl 

q 

I  o 

i  i 

I  2 


R4 

24 

1  4 

1  I 

4 

2 

2 

2 

2 

1 

I 

I 


5  ft  •  a 

1  ft. 2 

9.5 
7.4 
2.7 
I  .4 
1  .4 
I  .4 
!  .4 
0.7 
0.  7 

e  .7 


TOTAL 


1  4? 


l^iP.O 


SHANNON 


RP  ILI.OUIN 


DI VERSITY 

MAXIMUM  OIVFPSTTY 

MINIMUM  DIVERSITY 

"PPUNPANCY 

FVPNNFSS 

FOUI T ABI L  I  TV 

SPFC IES    P ICHNF SS 


■>  .  1  1 

3.5« 

0  .ft4 

0  .50 

0  .50 

0  ,2Q 

1  .8? 


1  .95 

3  .  3ft 
0.53 
C  .EC 
0.  5R 
C  .34 
I  .62 


A-135 


PPT      ??0f;.l 


MONTANA     OFDAOTMENT     nF     FISH     AND     GA^F 
SaF<~TFS     OSV^PSSTY     ANALYSIS 
JULY     2,      1976 


.^ 


station:       s i d n  r '  v 


NUMBfrP     OF"     SA^ciFRS:         ft 


sampi  i  ng    crpinn:       x-q-7s 


RANK 

1 
2 

1 

4 
5 
ft 

7 
S 
9 

TOTAL 


ARUNDANCF 

19 

ft 
4 
2 
2 
1 
1 
1 

5? 


PFRCFNT 

OF  TOTAL 

16 

oS 

10 

oB 

1  1 

.5 

7 

.7 

"^ 

.8 

3 

.S 

1 

.9 

1 

.9 

1 

.9 

!  DC 

o0 

SHANNON 


BPTl  LOUlN 


r>!  VCPS  I  TV 

MAXIMUM     OIVFPSITY 

MINIMUM     DIVERSITY 

PF DUNOANCY 

F V^NNF  ^S 

FOU  I  TAB  I L  I TY 

SP^CI^S     PI^HNFSS 


2  ,  39 
3.1^ 
1  .OS 
n.37 
0.7S 

0  .4? 

1  .97 


2.09 
2.79 

0.  Bft 
0.  17 
P.  75 
",4P 
t  .61 


A-106 


MnNT«NA      fiFPAPTM^NT     OF     FISH     AND     GAMF' 


LfPT   220" . 1 


SPFCIFS  niVPPSITY  ANALYSIS 


JULY     ?9      1976 


st  a  t ion:       si pnfy 

NtjWftFR    np"     SAMPLE"?  J        "7 
SAMPLING     PER ino:         X-9-75 


DANK 

I 
2 

3 
4 
S 

6 

7 

R 

9 

5  3 
1  1 
12 
13 


AF 

H.JNDANC 

i  75 

1  Of- 

3A 

29 

24 

9 

ft 

4 

3 

2 

2 

1 

1 

PERCENT 

OF     TOTAL 

4  3.3 
?P-  .  S 
9.0 
7.2 
6.0 
?  .2 
2.0 
1  .0 
0.7 
0.5 
0.5 
0.2 
0.2 


TOTAL 


400 


100.0 


^^_, 


SHANNON 


BR  ILL OU IN 


OI VFPS1 TV 

WAVIMUM     DIVFPSITY 
MINIMUM     niVFBSITV 
REDUNDANCY 
FVENNFSS 
FOUITAPIl ITY 
SPFCIFS     RICHNESS 


2.3  4 

3.  70 
0  .30 
0.40 
0  .6^5 
0.27 
2.0  7 


2  .  25 

1.5° 
0.26 

0  .40 
^.63 
0.31 

1  .94 


A-187 


u/.'.yj      ?->rp,] 


MONTANA  OF'  P  ACT  Mr  NT  OF  FISH  AND  GAME 
SPrr ITS  DIVFRSTTV  ANALYSIS 
JULY  ?,   19  76 


^ 


STATION:         TtPWIN     SPRINGS 
NUMPFR     OF      SAMPlFRS:  1 

SAMPLING     PFRinn;         xi-7-75 


RANK 

1 
2 
1 
4 
5 
ft 
7 
5 
0 

10 

I  3 
1? 
1  3 
14 

15 

TOTAL 


APUNDANC 

190 
1  1  2 

83 

49 

35 
R 

''J 

:-i 

? 
? 

2 
? 

1 

1 


PERCENT 

OF     TOTAL 

38 

,0 

■?■? 

.4 

1  6 

.6 

0 

.8 

7 

.0 

1 

•    ^ 

1 

.2 

r* 

.8 

0 

.6 

0. 

.4 

fj 

o4 

0 

.  4 

0 

.4 

0 

.2 

0 

.2 

100. 0 


D I VFRS I TY 

MAXIMUM      OIVFP^tTY 

MINIMUM  DIVERSITY 

Rf  DUNOANC v 

EVFNNFSS 

FOU  ITARILI  TY 

SPFCIHS  RICHNESS 


SHANNON 

2.48 
3.9  1 

?  .40 
0  .  A3 

0  .  ?« 
2.20 


BR  I L LOU  IN 

2  .40 

3.80 
0.  25 
0  .  39 
0.63 
0.32 
2.08 


A-188 


c 


DOT       ?  ?00  »  1 


MONTANA     DEPARTMENT     OF     FISH     AND     GAME 
SPEC  ITS     niVF»SITY      ANALYSIS 
JULY     2,      1Q76 


STATION:         GODWIN     SDPINGS 
NUMBER     OE     SAMPLFRS:         7 
SAMPLING     pfrihd:         XI-^-75 


RANK" 

I 

? 

4 
S 
ft 

7 

Q 

10 

1 1 

12 

1.1 
14 
15 

TOTAL 


ABUNDANCE 

1  3  3 
Ql 

5  6 

3  0 
5  ft 

7 

2 

2 

2 

2 

i 

1 

l 

! 

3Q7 


pfpcent 

OF  TOTAL 

13 

.  8 

23 

.2 

1  * 

.2 

\   2 

.  2 

7 

.ft 

4 

.1 

1 

.  B 

0 

.5 

n 

.5 

o 

,  3 

0 

.5 

f-) 

.3 

0 

.  3 

0 

.3  ' 

0 

.3 

ie<*  .o 


O  I  v  r  D  s  !  T  Y 

MAXIMUM  DIV^HSTTY 

MINIMUM     DIVERSITY 

OFDUNDANCY 

EVENNESS 

POU I T ARIL  I  TY 

SPrciES     PICHNFSS 


SHANNON 

2 

.61 

T 

„o  1 

0 

.  3ft 

o 

„  37 

0 

.ft7 

f> 

•  3*5 

2 

.30 

FRI LLOUIN 

2.  52 
3  .  78 
0.31 
0.3ft 
0  .67 
C  .  35 

?..  \y 


A-139 


MONTANA  OFPARTMFNT  OF  FISH  AND  GAMF 
PPT  ??n0,1  ^PpriFS  DIVERSITY  ANALYSTS 

JULY  ?,   |97h 

station:   rnPwiN  springs 

NWVRFP  DF  SAMPLERS:    3 
SAMPLING  pfriop:    X 1-7-75 


RANK 


■> 

1 

/J. 

5 

6 

7 

3 

9 

10 

1  I 

12 

13 

14 

15 

16 

TOTAL 

ARUNOANCF 
1  25 

1  ia 
75 

so 

47 
?! 

?0 

5 
5 
4 
4 

3 

2 

2 

1 

I 

40? 


PFRCFNT 

0^   T 

OTAL 

25 

.4 

2  4 

o0 

1  5 

.2 

1  2 

.0 

9 

.6 

4 

.  3 

4 

0  1 

1 

.0 

1 

,0 

c 

.  3 

c 

.3 

0 

.6 

Q 

.  4 

0 

.4 

0 

.2 

0 

,  2 

10c  .0 


OI  VFRSITY 

MA  X  1MUM  D  \  VFRS I TY 

MINIMUM  PIVFRSITY 

Pc PUNDANCY 

FVFNNFSS 

FOUITABIL ITY 

snrciES  PICHN-SS 


SHANNON 

2.63 
4.00 
0.32 
0.11 
0.72 
0  .32 
2.55 


BR ILLOUIN 

2.79 

3.  3Q 
0.  27 
0  .30 
0.7? 
0.  37 
2.42 


~ 


A-190 


MONTANA  OFPARTMFNT  OF  FISH  AND  GAME 


OPT     ? 2 0  0 .  1 


;°FCTFS     RfVF»SITY     ANALYST 


JULY      ?,       1R7* 


station:      nPKiN   springs 
numrfr   of    samplers:      4 
sampling   period:      xi-7-75 


rank 


ABUNDANCE 


PERCENT 
OF     TOTAL 


1 
•> 

3 

4 
5 

7 
8 
0 

10 

1 1 

I  2 

13 
14 
15 
16 
17 

TOTAL 


6  53 
1  86 
Rl 
A  8 
30 
24 
21 
1  0 
9 

A 
4 

2 
2 
2 
2 
1 
I 

1090 


59  .  9 
17.1 
8.3 
A  .4 
2.8 
2.  2 
1  .Q 
0  .9 
0,8 
C  .4 
0  .4 
0.  2 
0.2 
0.2 
0.  2 
0.  1 
0.  1 

100.0 


O  T  V  F  P  S  I  T  v 

MAXIMUM     DIVERSITY 

MINI  MUM     D  ! VFPST  TY 

r?FDUNDANCY 

P VFNN^SS 

FOUITAPIl    I  T  Y 

SPFCIES     RICHNFSS 


SHANNON 

2 

.0  1 

4 

.OR 

0 

.1  7 

rt 

.53 

o 

.49 

0 

.20 

1 

.81 

BRTLLOUIN 

1  .97 
4.03 
0.15 
0.  53 
0  .49 

0  .23 

1  .74 


( 


A-191 


MONTANA  DFPAPTMFNT  OF  FISH  AND  GAMF 
SPFCIFS  OTVFPSITY  ANALYSIS 
JULY  ?,  1976 


w; 


station:   corwin  brings 
mumrfr  of  samplers!   5 
sampling  pfripo:   xi-7-7s 


RANK 


ABUNOANO 


PERCENT 
OF     TOTAL 


t 

? 

5 

6 

7 

8 

Q 

10 

I  1 

12 

1  3 

1  6 
IS 
lft 
17 

ia 

1Q 
20 
21 
2' 
23 

2  A 


507 

281 

2S0 

1  76 

74 

61 

30 

17 

1  3 

1? 

1  I 

10 

o 

A 

A 

? 
3 
3 
2 
! 
1 
I 


40.3 
20.  5 
11.4 
i  C.l 

7.  1 

3.0 
2  .5 
1  .2 
C.7 

o.s 

0.  5 
0.4 
0  .A 
0.  4 
0.? 
0.2 
0.  2 
0  .1 
0.  1 
0.  1 
0.1 

o.o 

0.0 
0.0 


TOTAL 


2*75 


100.0 


OI VFPSITV 

MAXIMUM   niVFQSITY 

Mf   Nl  MUM      OIVm^ITY 

PTDUNDANfY 

F.VFNNESS 

roui  tabii..  i  ty 

S^FCIFS     RICHNESS 


SHANNON 

2.  64 
4  .58 
0.1? 
0  .4  3 
0  ,5R 
0.23 
2  .41 


OR  ILLOUIN 

2  .61 
4.54 
O,  10 

0.43 
0  .58 
0.  27 
2.35 


s. 


A- 192 


^"T  2200 . 1 


MONTANA  OFPARTMFNT  OF  F I SH  AND  GAME 
SPECIFS  DIVERSITY  ANALYSIS 
JULY  ?,   1976 


STATION:    LIVINGSTON 

numtfr  nr  samplers:   i 

SAMPLING  PFRlnO:    XI-7-75 


P  ANK 

I 

2 

3 

s 

6 

T 

8 
10 

11 

12 
13 
14 
15 

16 

TOTAL 


AHUNOANCP 
201 

oo 

8^ 

?4 

30 
28 

1  3 

io 

q 

7 
6 

2 

? 
1 

1 

=,6  5 


pert 

FNT 

OF  TOTAL 

35 

.6 

I  5 

.  9 

1  4 

.7 

1  3 

.1 

5 

.  3 

c: 

.0 

3 

.2 

1 

.  8 

1 

.6 

1 

.2 

1 

t  I 

0 

.5 

0 

»& 

0 

04 

r\ 

.2 

c 

.2 

10  0.0 


O T  VFPSI TY 

MA  X  I  MUM  01  V^RSI  TY 

MINIMUM   OIVFRSITY 

Rf"  OUNQANC  Y 

FVFNNFSS 

F  OUITARIL  ITY 

srrriFS    RICHNFSS 


SHANNON 

2 

.8? 

4 

.00 

0 

.28 

0 

.3? 

0 

.70 

O 

.  31 

2 

.51 

BRILLOUIN 

2.74 

3.°0 
0.  24 
0.  32 
r  .70 
0.36 
2.  3  8 


^ 
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PPT  ?2r,",i 


MONTANA  DFPAPTMFNT  OF  FISH  AND  GAMP 
SPFCIFS  DIVFPSITY  ANALYSIS 
JULY  ?  ,   19  7  6 


w 


STATION:    LIVINGSTON 
NUMPFR  OF  SAMPLF"S:    2 

sampling  PFRino:   xi-7.75 


RANK 

1 
2 
3 

4 

5 
6 
7 
B 

If* 
1  1 
12 

1  3 

TOTAL 


ABUNDANCF 

212 
1  25 
77 
15 
15 
1  1 

6 

5 

2 

2 

2 

1 

1 

4  74 


PERCFNT 

OF  TOTAL 

44 

.7 

26 

c  4 

5  6 

.2 

3 

.2 

3 

.2 

2 

.3 

1 

.  3 

1 

o  1 

0 

,4 

0 

,4 

0 

.4 

0 

.2 

0 

.2 

IOC 

.0 

OT  VFpSTTY 

MAVIMUM  DIVERSITY 

MINIMUM  DIVFPSITY 

REDUNDANCY 

pvr NN^SS 

FQUI TABI L I TY 
SPFCIFS     PTCHMFSS 


SHANNON 

2 

.  1  3 

?, 

.  70 

0 

.26 

n 

.44 

n 

.59 

0 

.25 

1 

.91 

BR1LLOUIN 

2.11 

3.6C 
".2  2 

0  .44 
0.5O 
".28 

1  .8? 


w; 


A-194 


.        .*■*'>;*■' 


Rpt    ??oo.l 


c 


MONTANA     DFPAPTMFNT     OF     FISH     AND     GAM? 
SPFCI^S     DIVFRSITV      AMALrSI? 
JULY     2.      1976 


station:   livingston 
numrfp  of  samplers;   3 
sampling  period:   xi-7-75 


RANK 

1 
? 

3 

4 

5 

*» 

9 
1  0 
1  1 
12 
!  1 
14 
15 
16 
17 
IS 
IO 

TOTAL 


ABUNDANCE 

157 
96 
61 

5^ 
1  4 
1  1 

S 

7 

5 

4 

3 
2 
I 
S 

1 

I 
1 

431 


PFPCENT 
OF  TOTAL 

36.4 
??.  3 
H.o 
12.3 

3.P 

2.  6 

1  .9 

1  .6 

1  .2 

0.9 

0.9 

0.  7 

0.5 

0.2 

0.2 

0.2 

0  .2 

0.2 

0  .? 

10  0.0 


ni VFRSI TY 

MAXIMUM  OIVFRSITY 

MINIMUM  DIVERSITY 

PF  DUNOANCY 

EVENNESS 

rOUTTAHILITY 

SPECIES  RICHNESS 


HANNON 

2 

.63 

4 

.25 

0 

.42 

0 

.4  1 

0 

.63 

0 

.  31 

2 

.  3S 

BRILL  OU  IN 

2.59 
4  .  10 

0  .  36 
0.4  1 
0  .63 
0  .35 
P.  2? 


c 


A-195 


n?r>T     p  pr  ")  .  i 


MONTANA      DEPARTMENT     OF     FISH     AND     GAME 
•^PFTIFS     niVFRSITY      ANALYSTS 
JULY     2.      1Q76 


>J 


STATION:    LIVINGSTON 
NUMRFR  OF  SAMPLERS:    4 
SAMPLING  P^Rinn:    XI-7-T5 


RANK 

I 
? 
3 

6 

7 

8 

9 
1"> 
1  1 
12 
1  3 
14 
15 
16 
17 
18 

TOTAL 


ABUNDANCE 

4-21 
221 

1  I  3 
60 
42 
37 
30 
29 
2  4 
14 
!  1 

7 

5 

3 

2 

2 

2 

1 

10  26 


PERT 

FNT 

OF  T 

DTAL 

4  1 

.0 

21 

«S 

1  1 

.0 

5 

.8 

4 

.1 

3 

.6 

2 

.9 

*> 

.8 

2 

.  3 

1 

.4 

1 

o  3 

0 

.7 

c 

.5 

0 

.3 

0 

.2 

r 

.2 

0 

o2 

r\ 

.  1 

i  or  .o 


0  I  VFPSI  TY 

MAXIMUM  DIVFQSTTY 

MINI  MOM  OI  VFOC;  ITV 

r?EDUNDAN<*V 

FVPNNFSS 
FOUI TARIL I TY 

"^t'FC  IFS     R  I  CHNF  SS 


SHANNON 

2 

.7? 

4 

.  1  7 

0 

.  19 

0 

.l7 

0 

.65 

n 

.2^ 

p 

.44 

PR  ILLOUIN 

?  .66 
4.10 

0.17 
0.  37 
0.65 
0  .  31 

2.35 


<J 
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»nx      ??po.1 


MONTANA     0FP4RTMfNT     OF      FISH      AND     GAME 
RPCCIF.B     DTVFQSTTY     ANALYSIS 


JULY      2 ,       19  7  6 


STATION:    LIVINGSTON 
NUMRFR  OF  samplers:   5 
SAMPLING  PFPIPO:    XI-7-75 


P  ANK 

I 

2 
3 
4 

s 

7 

a 

10 

i  ? 
is 

1 1 

1  4 
15 

16 

r  7 

ia 

20 

21 

21 

TOTAL 


ABUNDANCE 

73? 

6«3 
4  34 

1  54 

1  3  0 

as 

60 
50 
4? 
3° 
30 
15 
1  0 

q 

5 
1 
7 
3 
3 
2 
2 
1 
1 

2496 


PERCENT 
OF  TOTAL 

29.  1 
^7.4 

1  7.4 
6.2 
5.2 
3.4 
2.  4 
?  .0 
1  .7 
1  .6 
1  .2 
0.  6 
0  .4 
0.4 
0.2 
0.  1 
0  .1 
0.  1 
0  .1 
0.1 

0.  1 
0  .0 

0  .0 

100.0 


r<  r  VFPS  ITY 

MAXIMUM  DIVERSITY 

MINIMUM  O I V^RS ! TY 

TDUNOANCY 

F  V  c:  N  NIC"  S  S 

<=  O  U  I  T  A  R  I  L  ITY 

SPr  r   IPS  P ICHNTSS 


SHANNON 

2.81 
4.5? 

0.11 
0  .39 
C  .6? 
0  ,?5 
?  .56 


BPILLCUIN 

2.78 
4.4P 
r  .  10 
0.39 

^  .6? 

o.  ?e 

2.50 
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pot  ?  T'O  .  1 


MONTANA   DFPARTMFNT  OF  FISH  AND  GAME 
cpFCjrs  DIVFRSITV  ANALYSIS 
JULY  * f   1976 


STATION;    M!I_ff  CITY 
NUMRFR  HF   SAWPL^OS:    1 
SAMPLING  PFPinn:    XT-lO-76 


OANK 
1 

2 
3 
4 

s 
6 

8 

TOTAL 


ABUNDANCE 

49 
2  2 
15 

2 
1 
! 
1 

Q4 


PERCENT 

OF  TOTAL 

52. 

1 

23. 

4 

1  6. 

0 

3. 

2 

?. 

1 

1  . 

1 

1  . 

1 

1  . 

1 

100.0 


O!  Vr"S  ITY 

MAXIMUM  niVPPSITY 

MINIMUM  niVFPSITY 

PF  O UNO A  NO Y 

^VFmmFSS 

FOU I T ARIL ITY 

SPFCIES  RICHNESS 


SHA 

NNON 

1 

.  89 

3 

.00 

C 

.59 

c 

.46 

o 

.61 

<> 

,29 

1 

.60 

RP  TLLDUIN 

1.73 
2.  "78 

C  .48 

0  .46 
0.62 
0.3  4 

1  .40 


^fl^^^ 
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u/nr     p  ■?  0  0  •  1 


MONTANA     DFPARTMFNT     OF     FI^H     AND     r,  A  m  p 
SP^CIFS     DIVERSITY      ANALYSIS 
JULY      P,      1Q76 


STATinN:   milts  rfTY 

mumhfp   nr    samplfpf:       ? 

SAMPLING     PERIOD:  XI -10-75 


RANK 

I 
2 

3 

5 

6 

7 
TOTAL 


ABUNDANCE 

45 

3 
2 
1 
1 
1 

73 


PEOfFNT 

OF  T 

QTAL 

61 

.* 

■>y 

.4 

4 

.  1 

2 

.7 

1 

.4 

1 

.  4 

1 

»4 

lOr.o 


D  I  VCR5I  TV 
maximum     RIVFRSITV 
MINI  MUM     D  I  VFR":  I  TY 
fjr  DUNDANCY 

r_  v^nnfss 

f  GUI  TAP  II.  I  TY 

SPrc  if;.  S    P  ICHNFSS 


SHANNON 

1 

•  51 

2 

.8  1 

0 

,63 

o 

.50 

o 

.54 

0 

.?5 

1 

.2S 

""I LLOU IN 

1  .37 
2.  5R 
0.50 
^.5R 
0.53 
0.28 
\  .09 


A-199 


MONTANA  HEPARTWPNT  OF  FI^H  AND  GAME 
i^r>T   ;>ocr>„i  c;pFCIFC;  niVp"S!TY   ANALYSIS 

JULY  2,   19^f, 

station;   m i l  f s  r  t  T  v 
numpfp  or  samplers:   3 


SAMPLING  ppt?ipd:    XT -10- 7*; 


RANK 
p 

s 


ABUNDANCF 

?3 

2 

i 


PEPC 

ENT 

OF  T 

OTAL 

6  9 

.7 

!  2 

.1 

q 

.  1 

6 

.  1 

3 

.0 

TOTAL 


33 


100.0 


n I V^PS I TY 

MAXIMUM  OTV^PSITY 

MINIMUM     nrV^rjc.iTv 

Pr  nuNDANCY 
FV-NNCSS 
rOUIT ARIL   I TY 
SPFCIES     PICHNF^S 


SHANNON 

\ 

.  44 

2 

.3? 

o 

.  7R 

0 

.57 

0 

.62 

r> 

.29 

1 

.  16 

RRTLLOUIN 

1  .21 
2.03 

C  .60 
0.  57 
0  .60 
0.  33 
0.8Q 


^■m^ 
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qpt    ? ? n o » i 


MONTANA      DfPAPTMFNjr     OF     FISH      AND     GAMF 
SDFCIFS     OIVFRSTTY      ANALYSIS 
JULY      ■>  ,      \  976 


station:   miles  city 
number  of  samplers:   4 
sampling  PFRinn:   xi-10-75 


RANK 

i 
? 

3 

s 
ft 

7 
R 

TQT  A! 


ABUNDANCE 

47 

4  0 
Q 

«5 
4 
? 
1 
1 

1  09 


PERCENT 
OF     TOTAL 

43.1 

3  6.7 
R.  1 
4.6 

1.7 
1  .  R 
0.  9 
C.Q 

100.  0 


PI VF"SI TY 

MAXIMUM     P!VF"SITY 

MINIMUM     PI  VERS  I TY 

RT OUNOANCY 

EVENNESS 

FOUI TAB I L I TY 

SPFCIES     PICHNF^S 


SHANNON 

1  «9fi 

3.00 

0  .5? 
C  .  4? 
G  .65 
0.29 

1  .6-r 


BR  ILLOUIN 

1  ,8! 

2. SI 

0  .43 
0.42 
0  .?SB 

0  .34 

1  .  48 


A-201 


MONTANA  DEPAPTMTNT  OF  FISH  AND  GAMF 


r  j  r>  t  ?  "»  r>.  0  .  1 


"^PFflFS  nrVFRSITY   ANALYSIS 
JULY  ?,   1976 


J 


STATJ  ON  :    MJ  LP"^  CI  TY 


SAMPLING  prRino:    XI-in-75 


RANK 


APUNDANC! 


PERCFNT 
OF  TOTAL 


1 

2 
3 
4 

6 
6 


3? 

7 

2 
-j 

! 

1 


71.1 

4  .  * 
4  .4 
2.2 
2.2 


TOTAL 


icr.n 


ni vppsi ty 

MAXIMUM   niVFD^ITV 

MINIMUM  DIVFRSITY 

R^'^UNDANCY 

FVP NNFSS 

FOUITAPII  I  TY 

SPF GIFTS    RICHNESS 


HAMNON 

1 

.41 

2 

.58 

0 

.76 

0 

.64 

0 

.55 

A 

.26 

1 

.  16 

PRILL  OUIN 

1  .21 

2.3C 
0.60 
O  .64 
0.52 
0  .29 
0.92 


A-202 


N 


qr>T  ?  ?(■"■")  .  1 


MONTANA  OfPARTWFNT  OF  FISH  AND  GAMF 
SPECIFS  DIVFQSITY  ANALYSIS 
JULY  ?,   19  76 


STATION!    vtLFS  CITY 

number   of    samplers:      6 

SAMPLING  PFPIHO:    XT-1C-7F- 


DANK 

! 

2 
3 
a, 
5 

TOTAL 


ABUNDANCE 
1  7 

5 
4 


6? 


PERCENT 

OF     TOTAL 

4  6. 

0 

?7. 

0 

7. 

9 

6. 

3 

6. 

3 

6. 

3 

.0 


OIVFRSITV 

MAXIMUM  DIVERSITY 

MINIMUM  PIVFRSITY 

REDUNDANCY 

E VFNNESS 

roil  I  T  ARI  I    I  ty 

SPECIES     RICHNESS 


iHAMNON 

?  .C7 
2.58 
0  .SB 

0.80 

0  .35 

1  .73 


PR  I It  OUIN 

1  .38 
3.36 
C.  47 
0  .26 

0  .70 
0.41 

1  .47 


A-203 


i^oj     p?Cn.l 


MONTANA      0F.PAOTMFNT      OP     FISH     AND     GAMF 
SOFTIES     OI VFRSITV      ANALYSIS 
JULY     2.      1Q76 


J> 


station:   milfs  city 

numbf?  nr  samplers :   7 
SAMPLING  PFRfnp;    XJ-1C-7S 


RANK 

1 
? 

3 
4 

6 

7 

R 

9 
10 
1  1 
1? 
13 

TPTAL 


ABUNDANCE 

225 

99 
3^ 
2* 
10 

6 

/. 

ft 

2 

1 

1 

1 

1 

41  7 


PFPTFNT 
OF  TOTAL 

5  4  .  0 
2  3.5 

9.  1 

6.3 

2.4 

1  .4 

1  .0 

1  .0 

o.s 

0.2 
0  .2 
0.2 

0.2 

100.0 


D! V^PSI TV 

MAXIMUM  DIVERSITY 

MINIMUM  OIVFPSITY 

PFOUNDANCV 

FVFNNFSS 

FOII  I  TAR  I  I  I  TV 

SPFC  T^S  P  ICHNF  ^S 


HANNON 

2 

.00 

3 

.70 

0 

.29 

0 

.50 

n 

.54 

0 

.?  1 

1 

.77 

BP ILLOUIN 

1  .Q3 

3.59 

C  .25 

0  .50 
0.  54 
0.27 

1  .67 


W 


A-204 


:)tn     ??  00  •  1 


wrtNJTANA     DEPARTMENT     OP"     FISH     AND     GA«F 
c.Orf!FS     OIVFPSITY     ANALYSIS 
JULY      ?,      19  76 


ST  a  t  t  dm:        Gl FNO I VF 
NUMRFP    OF    samplers:        ! 
sampling    PO»ino:       x  1-10-75 


RANK 

1 

■? 
a 

TOTAL 


ABUNOANC 

3  6 

1  d 

2 

1 

1 

1 

^5 


PFRC^NT 
OF  TOTAL 

^•5.5 
?5.5 

?.  6 

1  .  8 

1  .8 

1  .  8 

ln0.0 


1-)  j  yppsiTv 

MAXIMUM  DIVERSITY 

MINIMUM  OIVFPSITY 

RFOUNOANCY 

rvfNNFSS 

c  OU  I  T  AP  II.  ITY 

SPECIES  "ICHNFSS 


HANNON 

1 

.  39 

2 

.58 

0 

.65 

1^ 

.6? 

n 

.5* 

0 

.24 

1 

.  15 

PP ILLOUIN 

1  .23 
2.  14 
0.5  2 
0.61 
0  .5? 
0.  28 
^.95 


A-205 


;  p  t    ?  2  0  0  ■  I 


MONTANA      OFPAPTMFMT     PF     FISH     AMD     GA MF 
SPFCIFS    DIVERSITY     ANAiYSIS 
JULY      2,       1Q76 


STATION!         '".LFMOIVF 
NIIMHFR     PF      SAMPt_FRS:  2 

SAMPLING     PFRIPP:         XI-10-7S 


OANK 


ABUNDANCE 


PEPCFNT 
OF     TOTAL 


1 
2 

3 
4 

S 


3  0 
1* 

1 

1 
■'. 


6  7.2 

27.6 

1   .  7 

1.  7 

1  .7 


TOTAL 


10O.0 


P  I  V  F  P  5  T  T  Y 

WAX  [MUM  p  !VFDq  1 TY 

MINI  MUM  OIVFDSITY 

Pr"DUNDANCY 

^VFNNFSS 

FPUITABIL ! ty 

CPFC IFS     RI CHNFSS 


SHANNON 

1 

.20 

2 

.  32 

0 

.SO 

0 

.6  2 

0 

.52 

0 

.20 

1 

.00 

BR  II.  LOU  IN 

1  .07 

2  .  1  .3 
"I  .40 
0.61 
0.5C 
0  ,24 
0.  83 


v 


A-206 


MONTANA      DFPAPTMFMT     OF     FISH      AND     GAMF 
VOT      ??£0,1  ?P>FCIFS     nrvFPSITY      ANALYSTS 

JULY      ?.      lr}76 

st  at  i  hn:       GLFNDI  vf~ 

NUMRFB     OF     SAMPLERS:  7 

SAMPLING     PFRIDO:         XI- 10-75 


o  anik- 

I 
?. 

4 
5 
h 
7 
R 
Q 

10 
TOTAL 


ABUNDANCE 

37 
?>? 
I  6 
12 

5 

I 

1 
t 
1 

I  06 


PERCENT 
DF      TOTAL 

7!  .  1 
70.  ? 
15.1 
11.3 

4  .7 

7.8 
0  .«) 
0.9 

0.9 
0  .9 

ioo. o 


0  I  VFRSI  TY 

MAXIMUM   PI  VARSITY 

MINIMUM   niVFPSfTY 

WF  nUNDANCY 

FVF  NNFSS 

roil  I  TARTL  I  TY 

SP^CIFS  RICHNESS 


SHANNON 

? 

.  4  5 

3 

.3? 

0 

.69 

0 

.  33 

n 

.74 

0 

.  36 

2 

.00 

BRTLLOUIN 

2.  ?e 

3. OP 
0.57 
0.3? 
*  .74 

0  .42 

1  .84 


c 
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u)  r>  t     ?  ?  0  0  •  1 


MONTANA      DEPAPTMFNT      n|-      FISH      AND     C.AMF 
c;prrlr7S     DIVERSITY     ANALYSIS 
JULY     ? ,      1Q76 


\^^^ 


station:       GLfNnivF 

NUMBFP     OF      SAMP|    E^S:  4 

SAMPLING     PF  R  I  n  o :         XI  -I  0-  75 


PANK 

1 
? 
1 

4 

5 
ft 

TOTAL 


ABUNDANCF 

sr 

15 

.1 
? 
5 

1 

75 


PFRCFNT 
OF     TOTAL 

*  9.4 

?o.  a 
a  .  ? 

2  .8 
1  .4 
!  .4 

100.0 


OI VFPSI TY 
maximum  DIVFPFyTY 
Ml  NT  MUM  D I  VERS  I TY 
Pf  OUNOAMfY 
^VFNNFSS 
FOUITARIt ITV 
«:PFC  IF  S  PTCHNFSS 


SHANNON 

1  .  34 
?  .5* 

0  .51 
0.60 
0  ,52 

0.2? 
1.13 


B  R  I  L  L  OU  I  N 

1  .20 
2.39 
0.43 
0.6C 
0.50 
0  .25 
0.  95 


A-208 


c 


PDT      ?.?*"),  I 


MONTANA      DfPARTMFNT     OF     FISH     ANO     GAMF 
c.°FfIFS     OfVFQSfTY      ANALYSIS 
JULY     ?,      1Q76 


station:        Gt.FNOIVF 
NUMRFR     OF     SAMPLERS:         5 
SAMPLING     PFRIOD:         XI-10-7S 


PANK 

1 

? 

4 
ft 

tot'al. 


ARUNDANCF 

73 
7 
2 
1 
1 
1 

85 


PEPCFMT 

OF  TOTAL 

86  .<3 

R.2 

2.4 

1  .2 

1  .2 

1  .2 

100.0 


ni vfdsity 

MAXIMUM     DIVERSITY 

MINIMUM     DIVFRSITV 

PFDUNDANCY 

FVFNNFSS 

FOU  ITARIL ITY 

SPFCIFS    RICHNESS 


SHANNON 

r* 

.84 

2 

.58 

0 

.46 

0 

.82 

0 

.32 

0 

.  1  3 

0 

.71 

RP  ILLDUIN 

0  .73 
2.41 

0.37 
C  .82 
C.  30 
0.15 

0.5P 
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PPT     ??<■>  ">  .  1 


MONTANA      DFPARTMFNT     OF     FISH     AND     GAMf 
SPFCIFS     DIVPOSITY     ANALVSIS 
J  UL  V     2  «      19  7  6 


W 


station:   GLFNDIVF 


NtJMRFR  DF  SAMPLFPS:    6 


SAMPl  I  NG  PFPIOO:    X  1-10-75 


RANK 

1 
2 

3 

5 
6 

H 
9 


ABUNOANCF 

7R 
4^ 
41 
J  0 

7 

6 

1 

1 

1 


PFRCENT 

OF  TOTAL 

4  1 

.5 

2  2 

.9 

21 

.8 

5 

.3 

3 

.7 

3 

.  2 

C 

.5 

0 

.5 

0 

o5 

TOTAL 


IRS 


!  00  .0 


SHANNON 


BRILLOUIN 


0  T  V  ~  P  S  I  T  V 

MAXIMUM  DIVERSITY 

MINIMUM  DIVERSITY 
REDUNDANCY 
FVFNNFSS 
eOOlTABI L  I  TV 

SPFCICS  n-lCHNFSS 


?.  17 
3.17 
0  .3S 
0  .36 
0.61 

0  ,2Q 

1  .SP 


?.07 
3.03 
0.3? 

^.36 
0.  6P 
0.34 
1  .73 
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MONTANA  OFOAQTMFNT  of  FISH  AND  GAME 


PPT  2  ?  0  0  .  \ 


c 


SPEC IFS  njVFPSITY  ANALYSIS 


JULY  2.   10  76 


station:   glfndivf 
numper  of  samplers:   7 
sampling  pfoiod:   xi -10-75 


RANK 


ABUNDANCE 


PERCENT 
OF  TOTAL 


1 

2 

3 

ti. 

5 

6 

r 

p 

Q 

10 

!  1 

12 

13 

14 

15 

1* 

TOTAL 

2.71 

1  If. 

1  1  1 

2? 

17 

15 

3 

2 

2 

1 

i 

1 

1 

1 

1 

1 

564 


4  8.0 
20  .6 
1  9.  7 
3.  5 
3.0 
2.7 
0.5 
0  .4 
0.  4 
0.2 
0.2 
0.  2 
0  .2 
0.2 
0.2 
0  .2 

100.0 


HI VFPSI TY 

MAXIMUM  DIVERSITY 

MINIMUM  riVpoS!TY 
P^TUNOANCY 
EVENNESS 
cOUITABTL I TY 
SPEC  IES  RICHNESS 


SHANNON 

2 

.  1 1 

4 

.00 

0 

.2S 

3 

.51 

o 

.53 

0 

.23 

1 

.89 

BP ILLOUIN 

2  .05 
3.  RC 
0  .  24 

0.51 
0.5  3 

0  .27 

1  .78 


(,w 
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PPT  ?2Cn  .  1 


MONTANA  DEPARTMENT  OF  FfSH  AND  GAME 
SPFCIES  OIVERSfTY  ANALYSIS 
JULY  2,   197ft 


_ 


station:   intake 
numrfr  qf  samplers:   1 
sampling  period:   xi-11-75 


RANK 

1 

2 

3 
A 

5 

ft 

7 

TOTAL 


ABUNDANCE 

21 

ft 
4 

3 
? 
i 
1 

38 


PERCENT 

OF  TOTAL 

55 

.3 

\  5, 

P 

1  0 

.5 

7 

,9 

5. 

3 

?. 

,6 

2, 

6 

1  oc.o 


DIVERSITY 
MAXIMUM  DIVFRSITY 
WIN  I  MUM  DIVERSITY 
REDUNDANCY 

E VF  NMFSS 

F  0  U  I  T  A  R  It.  \   T  Y 

sprciF6;  richness 


SHANNON 

2 

.0? 

? 

.8  ! 

1 

.04 

0 

.44 

n 

.7? 

0 

.  39 

1 

.64 

BR  TLLOU  IN 

1  .72 
2.43 
O.fll 

0.44 
C  .71 
0.44 

1  .  28 


A-212 


on  t     •?  PC,  0  .  1 


MONTANA      QEPARTMFNT      OF     FISH      AND     GAME 
SPECIES     niVFRSfTY      ANALYSIS 
JULY     ?.  ,      1976 


station:        INTAKE 
NUMflEP    OF     samplers:        ? 
SAMPLING     PPRIOP:         XI- 11-75 


RANK 

1 

2 

3 

5 
6 

7 

H 

9 

1  ^ 

TOTAL 


ABUNDANCE 

39 
1  3 

4 

3 

? 

? 

1 

1 

1 

1 

67 


PERCENT 
OF     TOTAL 

se.? 

1  9.  4 
6  .0 
4  .6 
3.0 
3.0 
1  .5 
1  .  5 
1  .5 
1  .5 

10O.0 


OIVFRSITV 

MAXIMUM     DIVERSITY 

MINIMUM      OIVEPSITY 

Pr  DUNDANCY 

EVF-  NMrSS 

F  O  U  T  T  A  P I L   ITY 

SOFTIES     P I CH NESS 


SHANNON 

?  .o? 

3  .  3? 
1  .00 

0  ,S6 
0.6  1 
0.33 

1  .69 


BRILL  OUIN 

!  .77 

?.9R 
^.80 
0  .56 

0  .69 
0.  3P 

1  .  39 


A-213 


MONTANA     OFPARTMFNT     OF     FISH     AND     GAME 
dpt     gPOn.j  SPECIES     OIV^PSITY     ANALYSIS 

JULY     ?,      1976 


station:   intakf 


numrfp  of  samplers:   1 


sampling  period:   x 1-11-75 


RANK 


AFUJNDANCE 


PERCENT 
OF     TOTAL 


I 

? 

3 
4 


20 

7 

3 
J 


64.5 

2P.6 

9.7 

3.? 


TOTAL 


31 


100.0 


SHANNON 


BRILLOUIN 


DI VFPSI TY 

MAXIMUM     Of  VARSITY 

MINI  MUM     p I  VERS  I TY 

REDUNDANCY 

F VFNNFSS 

FOU I  TAB  I L ITY 

SPECIES     PICHMFSS 


1  .33 
?.C0 
0  .61 
0  .45 
C  .60 
ft  .?« 
1.10 


1.18 

1  .76 
0.  47 
f  .45 
0.67 
0  .33 
0.86 


A-214 


^J 


MONTANA  OFPARTMFNT  OF  FISH  AMD  GAMF 


f?f»T     2200.1 


SPFCTFS     OTVFQSITY     ANALYSIS 
JULY     2,      1Q76 


STAT  I  ON:  I  NT AKF 

number  nr  samplfrs:   4 
sampling  period:   xi-11-75 


RANK 

1 
? 

«5 

6 

7 

TOTAL 


ABUNDANCE 

23 

12 

1 

1 

1 

46 


PFRCFNT 
OF  TOTAL 

5^.0 
2  6.  1 
10.9 

6.5 

2.2 

2.  ? 

2.2 

100. 0 


Oi VFPSITV 

MAXIMUM   OIVFRSITY 
MINIMUM  DIVERSITY 
RFDUNDANCY 
pVFNMFSS 
FiOUI  TARIL  I  TY 
SPFT IFS  PICHNFSS 


HANNON 

1 

.07 

2 

.81 

0 

.90 

C 

.44 

r\ 

.71 

0 

.76 

1 

.61 

BRILL  OUIN 

1  .72 
2.4P 
0  .71 
0.43 
0.69 
0  .41 
1.31 


A-215 


Dr>T  2200.1 


MONTANA  OEPAPTMFNT  OF  FISH  AND  GAMF 
qpFCIFS  DIVERSITY  ANALYSIS 
J  UL  V  ?  ,   !  Q  7  6 


STATION:    INT4KF 
NtlMRFR  OF  SAMPLERS:    5 
SAMPLING  DFRinn:    XI-11-75 


RANK 

1 
? 
3 

TOTAL 


APUNDANCF 

1 
1 


PERCENT 

OF  TOTAL 

75,0 

12.5 

12,5 

100.0 


0! vposI TV 

MAX  I  MUM  DIVERSITY 

MI  NI MUM  D I  VERS  I ty 

RF  PUNOANCV 

EVFNNFSS 

FOUITAB1L ITY 

SPEC  ICS  P ICHNESS 


HANNON 

1 

.06 

1 

.58 

1 

.06 

1 

.00 

0 

.67 

n 

.  35 

0 

.71 

BRILLOUIN 

C.73 
1.14 
0.7  3 

1  .00 
0.  64 
0.38 
C.  35 


"'s^_--'' 


A-216 


c 


opt  ??ro,i 


MONTANA  DEPARTMENT  OF  FISH  AND  GAME 
SPECIFS  OIV^RSITY  ANALYSIS 
JULY  2,   1976 


L^. 


STAT  I  ON  t    INTAKE 
NUMBER  OF  SAMPLERS:    6 
SAMPLING  PERIOD:    XI-ll-75 


RANK 

5 

?. 
3 
4 
5 
6 
7 

TOTAL 


ABUNDANCE 

24 
12 

S 

6 

f» 

1 

i 

! 

55 


PERCENT 

OF  TOTAL 

AT 

.6 

21 

.  B 

1  4 

.  5 

1C 

.9 

1 

.6 

1 

.8 

1 

oft 

1 

.  8 

IPC 

,0 

D  T  V  F ■  P  S  I  T  Y 
MAXIMUM  DIVERSITY 
MINI  MUM  Dl VERS  I TY 
OFDUNDANCV 

EVENNESS 
^OUITARIL ITV 

^PFCIES  RICHNESS 


SHA  NNON 

2 

.  24 

1 

.on 

n 

.91 

Q 

,36 

0 

.75 

0 

.  30 

1 

•  86 

BRTLLOUIN 

1  .PR 
2.68 

0.7  3 
0.  35 
C  .74 
0.45 
1  .54 
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MONTANA  DEPARTMENT  OF  FISH  AND  GAME 


PPT      ?20^  .   1 


SPECIES     PlV^osiTY     ANALYSIS 
JULY     ?,      19  76 


ST  AT  ION:  INTAK  F 


NUMBFR  OF  SAMPLERS 


SAMPLING  period:    XI-ll^1^ 


RANK 


ABUNDANCE 


PERfFNT 
OF  TOTAL 


1 

2 

3 

4 

s 

6 

7 

8 

Q 

10 

1  1 

TOTAL 

37 
72 
2* 
21 

20 
6 
5 

3 

1 

1 

245 


35.5 
29.4 
10.6 
R.  6 
B.2 
2  .4 
?.  0 
1  .2 
1  .2 
0.4 
0  .4 

1  OP.O 


D I  VERS  I  TV 

MAXIMUM  DIVERSITY 

MINIMUM  DIVERSITY 

REDUNDANCY 

EVFNN^^S 

E9UI TAP1L I  TV 

SOFTIES  RICHNFSS 


HANNON 

2 

.  4  6 

3 

.46 

0 

.3* 

o 

.  33 

0 

.71 

rt 

.  31 

? 

.  1  5 

BRILLOU  IN 

2.35 

3.32 
0  .  32 
C.32 
C.71 

0  .36 

1  .99 


A-218 


£ 


rht    ??0C  1 


MONTANA      OEPftPTMFNT     OF     FISH     AND     GAME 
SPFCIFS     OIVFRSITY     ANALYSIS 
JULY     2,      1976 


c 


station:   SIDNEY 

NUMRPP  OF  SAMPtTRS:    1 

sampling  pfriop:   xi-11-75 


RANK 

1 

7 

3 

TOTAI 


ABUNDANCE 

1  67 
5 
I 

I  73 


PERT 

PNT 

OF  TOTAL 

Q6 

.5 

2 

.9 

0 

.  6 

10  0.0 


SHANNON 

01 VFRSITY 

0  .24 

MAXIMUM  DIVFPSTTY 

1  .5*1 

MINIMUM  DIVERSITY 

P  .  10 

REDUNDANCY 

0  .9  1 

FVP'NNFSS 

0.15 

roui  TAHIl.  I  TV 

CO  3 

SPe-OTFS  RICHNESS 

0.21 

B«  ILLOUIN 

0.22 
1  .54 
0  .09 
C9! 

0.14 
C  .04 

0.  18 


A-219 


MONTANA  DEPARTMENT  OF  F  I  «S  H  AND  GAME 


UOT        2?r r ml 


SPPflfS     DTVPPSITY     ANALYST 
JULY     2 ,      I  9 7 ft 


,_ 


STATION:         SIDNEY 

NUMPFR     HE     SAMPLFR^I         2 

sampling  PcPinn;   xi-li-75 


RANK 

! 
7 

3 
4 

5 
6 

7 


ABUNDANCE 

4  3 
1  1 

6 

5 

3 

2 

1 


PERCENT 
OF  TOTAL 

6  0.6 

15.  5 

8.5 

7.0 

4 .  a 

2.  3 
1  .4 


TOTAL 


71 


loo. o 


DI VrRSI TY 
MAXIMUM      DIVERSITY 
V!NI  MUM     mvrosiTY 
REDUNDANCY 

EVFNjNlESS 
^OUIT  A.BIL  I  TY 
5PFCIE.5     PTCHNFSS 


SHANNON 

1  .  B5 
2.3  1 
0  .64 

0.44 

0  .66 
C  .30 

1  .55 


PR  ILLOUIN 

1  .66 
2.  57 

0.52 
0.44 

0.65 

0  .35 

1  .31 
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( 


RPT  ??00 • 1 


MONTANA  DEPARTMFNT  OF  FISH  AND  GAME 
^PFCIFS  DIVERSITY  ANALYSIS 
JULY  ?,      1976 


c 


station:   sionfy 


NUMBER  OF  SAMPLERS:    3 


SAMPLING  PERIOD:    XI-11-76 


RANK 

1 

2 

1 
4 

TOTAL 


ABUNDANCE 

80 

10 
4 

3 

97 


PERCENT 

OF  TOTAL 

82 

.5 

1  0 

.3 

4 

.  1 

3 

•  I 

100 

,0 

DIVERSITY 

MAXIMUM  DIVERSITY 

MINIMUM  DIVERSITY 

RFDUNDANCY 

FVENNESS 

EDUITABIL I TY 

SPFCIFS  RICHNESS 


SHANNON 

0 

.91 

2 

.00 

r> 

.25 

0 

.6? 

C 

.46 

0 

.  1  4 

0 

.77 

ORILLOU  IN 

0.  «4 
1  .90 

0  *  20 
0.  63 
0.44 
0.16 
0.6R 
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»°T  ??00 . 1 


MONTANA  OFPARTMFNT  OF  FISH  AND  GAME 
SPFCIES  DIVERSITY  ANALYSIS 
JULY  ?,   1976 


STATION:    SIDNFY 
NUMBER  OF  SAMPLERS:    4 
SAMPLING  PERIOD:    XI-M-7fS 


RANK 

I 
2 

3 
4 
5 

6 

TOTAL 


ABUNDANCE 

17 
17 

4 

3 

? 

1 

44 


PFRCENT 

OF  TOTAL 

3P 

.6 

38 

,6 

P 

.1 

6, 

>S 

4, 

.5 

2 

.3 

100.0 


or VEPSITY 
MAXIMUM  DIVERSITY 
MINIMUM  DIVERSITY 
REDUNDANCY 

EVFNNESS 
EOUITABILITY 

SPECIES  RICHNESS 


SHANNON 

1  .97 

2.58 

C  .77 
0  .34 

0  .76 
C  .36 

1  .61 


BRILLOUIN 

1  .73 

2.30 
0.61 
0.  34 
0  .75 
0  .42 
1.31 


.- 
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c 


c 


MONTANA  DEPAPTMFNT  OF  FISH  AND  GAM^ 
RPT  2200.1  SPFCIFS  DIVERSITY  ANALYSTS 

JULY  ?.   1976 

station:   sidnfy 
number  of  samplers:   5 
sampling  period:   xi-11-75 

rank  abundance 

1  37 

2  14 

3  4 

TOTAL  55  100.0 


SHANNON 

DIVFRSITY 

I.  16 

MAXIMUM  DIVERSITY 

I  .58 

MINIMUM  DIVERSITY 

0  .26 

REDUNDANCY 

0  .32 

EVFNNESS 

C  .73 

EOUI  TABU.  ITY 

0.20 

SPECIES  PICHNFSS 

0.96 

PFPCFNT 

OF  TOTAL 

67.  3 

25.5 

7.3 

BRTLLOUIN 

1.  07 
1  .47 
0.21 
0.  32 
C  .7  2 
0.24 
0.82 
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MONTANA  DFPARTMENT  OF  FISH  AND  GAME 
TPT  2200.1  SPECIES  DIVFRSITY  ANALYSIS 

JULY  P,   1976 

station:   Sidney 
number  of  samplers:   6 
sampling  period:   xi-11-75 


RANK  ABUNDANCE 

1  24 

2  IT 

3  7 

4  2 

5  1 

TOTAL  51                                               10C.0 


SHANNON 

DI VFRSI TY 

1.73 

MAXIMUM  DIVFRSTTY 

2.3  2 

MINIMUM  DIVERSITY 

0  .55 

REDUNDANCY 

0.34 

EVENNESS 

0  .74 

FOUITABILITY 

0  .30 

SPECIES  RICHNESS 

1.42 

PERCENT 

OF  TOTAL 

47.1 

3  3.3 

13.7 

3.9 

2.0 

BRILLOUIN 

1  .55 
2.11 
0.44 

0.33 
0.74 
0.36 
1.19 
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Rpt  220Q.1 


MONTANA  DEPARTMENT  OF  FISH  AND  GAME 
SPECIES  DIVERSITY  ANALYSIS 
JULY  2.   1976 


STATION:    SIDNEY 
NUMBER  OF  SAMPLERS:    7 
SAMPLING  PERIOD:    XI-ll-75 


RANK 

1 

? 
3 
4 
5 
6 
7 

TOTAL 


ABUNDANCE 

368 
53 
42 

14 
7 
5 
2 

491 


PERCENT 
OF  TOTAL 

74.9 
10.8 

8.  6 

?.9 

1  .4 

1.0 

0.4 

100.0 


DIVERSITY 

MAX  IMUM  DIVERS  I TY 

MINIMUM  DTVEPSITY 

REDUNDANCY 

EVENNESS 

FOUI TA8ILITY 

SPECIES  RICHNESS 


SHANNON 

1  .30 
2.81 
0.11 
0.56 
C  .46 
0.14 
1  .  15 


BRILLOUIN 

1  .26 
2.76 
0.11 
0.57 
0.4* 
0.17 
1.09 


C 
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APPENDIX  G 


A-226 


**«*««£$.:«  S^fc^ifc^j^i 


******* *********»»***»»»♦#**»*•****»»*****♦♦**»*«********** 


r 


ir  / 1  to  .  I 


»*♦•»*«*#  *««&»*4< 


c 


KUMTANA    UtPAklMtNI     V!r     Hid     /^o     GAME 

AOUATIC     INbUI     RtGStStH*,     ANALYSIS 

^  f  bKOAPY     It.      I 976 


no 
ro 


LTATIDN:        17 

NUMBER    OF     i;AV.Pt_ES<Si         ^^ 
SAMPLING     PbHlDCS        AUG     7.     1V7S 


XI 

X2 

Yl 

Y2 

fe  ATfcK 

CURktN'l 

KUHK.W 

05- 

NUM6EH     OF 

DfcPTH 

Vbi_OCIlY 

SPtClES 

OktANISMi 

0.3 

0.0 

2 

<":. 

0.3 

O.IBb 

fc 

9 

1  .0 

0.60S 

4 

15 

o.t> 

G.674 

2 

2 

1.4 

0.746 

5 

S 

1  .4 

0.637 

5 

21 

1  .1 

C.fa67 

2 

3 

0.9 

0.947 

i; 

5 

1  .5 

0.94  ? 

4 

37 

1.0 

1 .  1  1  C 

c 

2  0 

1  .4 

1.110 

£■ 

A 

2.0 

1.1  10 

4 

11 

i  .a 

1.160 

4 

g 

3.3 

1.320 

J 

7 

2.6 

1.330 

O 

13 

3.1 

1.4  10 

3 

5 

2.0 

1.4  7G 

r 

20 

1  .9 

1  .540 

«r 

£ 

1  .? 

1.6  50 

c: 

7 

2.2 

1.650 

5 

7 

2.5 

1.730 

3 

3 

2.7 

1.760 

3 

3 

3.0 

a. 190 

4 

5 

3.3 

2.4  90 

1 

2 

ME  AN 

1.6 

1.202 

3. 

y 

9.  I 

ST     DfcV 

0.9 

0.575 

1. 

a 

6.2 

li 


(.*>!     i-/lb.l 


VOW1ANA    L'tt'AHMtNl     OK     F1S.H     #ND     fcAKfc 

^uVATIC     lNi-LCI      Kfc&Kfc:  MUM     ANALYSIS 

Ft   pt  LAhV      lfc  .      Wft, 


si 


ht  Gut  SSIOM     (JF     Yl      UN     XI      ANl       X  *: 


.IAIIOK:         17 

JU*Jt>£»«     OF      l..A*,H_tRS:         24 
AMPLlWi     PlKIUD:         AUfc      ?.      lVVt. 


r-.LDtu    t 


Y      -      A      -t       b*Xl 


/■      ♦     BSX2 


t     -      A     ♦     b»Xl     -S     C*X2 


A  = 

ft  = 

F  = 

OF  = 


4.34  *-9 
-0.2cb£ 

-0.1*07 
0.463b 
1.22 


A 

= 

4.3efc2 

K 

- 

—  0.42titi 

ft 

ft: 

-C. 153*3 

F 

= 

0.t>327 

OF 

=. 

1.     22 

A 

= 

4  .4  J0& 

E 

= 

— 0.1  M4 

C 

= 

-0.268* 

H 

~ 

o.&sto 

F 

X 

O.Zfc&S 

UF 

— 

2  ■    21 

l\3 

CO 


KUUEL     11: 


LM  V) 

— 

A 

+     c*Xl 

!x 

= 

1  .4052 

B 

= 

-C.0B22 

H 

te. 

-O.I  b<hb 

F 

= 

0.64O1 

OF 

ft 

1  .     £2 

LN(V)     -     A    +     b*X2 


A 

= 

1.45o9 

& 

= 

-0.  Ifcbi 

f. 

=i 

-0.  1<>94 

F 

= 

0.91 10 

DF 

= 

1<     22 

LNiV) 

— 

A 

+  a*xi   + 

A 

= 

1.4517 

0 

= 

C  .0239 

e 

= 

--O.1902 

R 

— 

u.20(W 

r; 

= 

0.4415 

SK:; 

= 

Z,    H 

C*X2 


KODFL      III:         LN(V) 


A     *     t«LN!XI  ) 


A  = 

B  s 

R  = 

F  -_ 

OF  s 


1..2761 

-t  «Gt>02 

-  C  .O  1 1*> 
0.1O4! 
1  e      2? 


LN(r) 

= 

A 

■»     B*l_NtX: 

U 

5S 

1  .26%.? 

e 

= 

0.031.& 

(4 

ft 

0.  17'*4 

F 

- 

0. 7iie 

DF 

— 

1.     22 

LNSV) 


A    +    L:*S.N«KI1    -fr    C*LN{X2) 


A 

- 

1.3*62 

B 

= 

-0.2S9& 

C 

St 

C .0832 

K 

= 

C .3161 

F 

= 

1  .IfcSS 

DF 

= 

2  •     21 

( 


< 


( 


Ki'l     ?  /lb.  1 


»»L»NTANA     UPAKIMM     Of      USH     ANL.     GANfc 

AQUATIC      IKiLLl     hEtHElSlLN     ANALYSIS 

Ft.bhuA**V      tb.      1»J76 


•  LL.KESS  JCJN     OF     YZ     Otl     XI     AND     Xi 


station:      it 

NuMBfcft    Q#-     SAMPLtfkS.:         24 
i,A«=»_IN&    PtHIt©:        AIK>     V,     197J> 


MUUtL     l : 


r    =    a   -i    t»*x  l 


Y     =     A     +     b*X2 


*    =     A    +    b*Xl    •«•    C*X2 


A 

- 

J 1.7768 

b 

= 

-1  .4bM 

h 

=. 

-0.161b 

F 

= 

0.t>6y4 

DF 

- 

I  .     22 

A 

= 

12.5b;t 

B 

= 

-<;.flb<*v 

k 

S: 

-0.200  2 

F 

= 

0e*186 

DF 

= 

1  .     22 

A 

= 

i2.fcl64 

B 

= 

0  .2202 

C 

= 

-3.15ST 

R 

= 

0«2006 

f- 

= 

0.4405 

LF 

= 

2.     21 

3= 

I 

vD 


NuDtL    it: 


LN( Y)     -     A     4     b*Xl 


A     = 
b     = 


2.1631 
-G.1463 


R    =  -0.lt.74 

F    -  0.6341 

L>P     =  1  ,    22 


LN1Y) 

= 

A 

4     B*X2 

A 

— 

2.344S 

B 

= 

-0.373£ 

f< 

=. 

-o.2e.ei 

F 

= 

lo?043 

DF 

= 

Is     22 

LNSVI     =     A     4     B*X1     +     C*X2 


A 

— 

2.306.2 

B 

- 

0.17T8 

C 

=■ 

— o.feovs 

R 

=■ 

0.2842 

F 

= 

0  .%»5BS 

OF 

= 

2.     21 

ML DLL     111:        LNiY) 


A     4     B*1_N«X1   ) 


A     -  1.V30T 

B     -  -G.0b37 


K 

= 

-0.0 6bb 

F 

- 

0.1039 

DF 

=- 

i  a      2eT 

LN(Y)     -     A    4     tS*U*UX2» 


A    *  1.404  0 

B     =  0.024T 


R 

F 

OF 


0.0746 

0.  123(5 

1.  22 


LW8V  } 


A    4    b*S-WIXl}     4     C*LN(X£) 


A 

= 

2.0  384 

B 

= 

-0.3715 

C 

= 

0.0746 

R 

= 

O.lf^S 

F 

= 

0.348® 

OF 

= 

2a     21 

K»»1     f/lr.l 


MONTANA     DtPAklMtNI     l#-     HSM     AND     t>AML 

AbAiATIC     INStLI     HhfcfitSillM     ANALYSIS 

P£fa!,UAt<Y     Ui      IVT6 


station:      17 

number  of    samplers:      24 

SAMPLIMi     PtKl&DS        SbPl      17,     I*»Tt> 


3=> 

I 

rv> 

CO 

o 


XI 

X2 

Yl 

Y2 

SATth 

CURRENT 

NUHoit, 

OF 

NUMBEK    ot- 

DtPTH 

VE.LUC1TY 

yttits 

ClkCANl  iMS 

0.1 

0.0 

1  i 

40 

0.2 

0.0 

6 

27 

0.2 

0.0 

7 

25 

0.2 

0.0 

1.-3 

46 

0.3 

o.o 

6 

28 

0.3 

CO 

fa 

3b 

0.3 

O.OfeO 

& 

25 

0.5 

0.100 

6 

24 

0.6 

0.2OO 

2 

5 

0.9 

0.687 

7 

14 

0.9 

C.837 

6 

ia 

1.0 

0.947 

3 

6 

1.6 

0.947 

t. 

ii 

1.1 

1.010 

7 

23 

1.8 

1.010 

t> 

ia 

1.6 

1.030 

t> 

9 

1.4 

1.06  0 

*j, 

28 

1  .5 

1.1  10 

? 

24 

1.9 

1.160 

o 

13 

1.9 

1.320 

*^ 

24 

Z.3 

1.350 

c 

6 

2^0 

1.380 

7 

39 

2.6 

1.760 

£ 

36 

3.3 

1.880 

4 

17 

MtAN                   1.2 

0.744 

(bo 

5 

21.7 

ST    ItV           0.9 

0.613 

2. 

4 

11.1 

( 


( 


f 


'  T     .-  /lo.l 


r 


MONTANA     DEHAf,  I  ME  Ml      OF     FISH     AND     GAMfc 

AUUATIC     INitCl     RfcORtSSION     ANALYSIS 

Ft  BkuAKY     It.      IvTt 


KbtRESSIQN    OF     VI     ON    XI     AND     X, 


station:       I? 

tMUMBEfc    OF     5AMPLtRS:        24 
t-AMPHMG    PLRIO)!        StPT      )7.      1^76 


ROLitL      1 


A     +     b*Xl 


A 

= 

7.t  2V1 

b 

=■ 

— C.&y  £>4 

R 

= 

-0..532t> 

F 

= 

2.7360 

DF 

= 

i .    22 

Y     =     A     +     B*X2 


A 

= 

7.4390 

Es 

= 

—I. 3187 

(< 

= 

-C.34  02 

F 

= 

2.6799 

DF 

= 

1  »    22 

A     ♦     L*X1     *     C*X2 


A 

= 

7.4721 

B 

= 

-0.1«fc3 

£ 

= 

—1  .0443 

R 

= 

ae34oe 

F 

- 

1  >3S01 

•F 

= 

2s     22 

3= 
I 


HCOE  L 

1 1  : 

LNI  Y  ) 

- 

A 

+     t*Xl 

A 

K 

1  .y0V2 

B 

- 

-O.Oy  17 

ft 

=^ 

-0.2 1 10 

F 

= 

1 .0246 

DF 

— 

i.     22 

LNIY) 

= 

A 

+     B*X2 

A 

= 

1.9C1 2 

B 

- 

-0.13MT 

K 

- 

-0.2164 

F 

= 

1, 1017 

DF 

— 

Is    22 

LNfY)     =    A     +    ti*Xl     ♦    C*X2 


A 

= 

1  .*022 

B 

= 

— 0.0064 

C 

= 

-0.1279 

R 

= 

0  *2  1 B4 

F 

= 

0.5.260 

DF 

= 

2B     21 

MODtL      III;         LNCYJ      -      A     •«■     6*LNUl> 


:\ 

= 

2o7720 

B 

— 

-to.14  OS 

R 

= 

-0«.3fcj3 

F 

— 

3«34  t£» 

DF 

- 

It,     2  2 

LN(¥)      =     A     -8-     B6LNeX2S 

A     =  lo694b 

B     =  — O»03*B 


R     = 

-0.44  ?3 

F    = 

5»t0  2» 

(F     =- 

In    22 

LNSYS     = 


•fr    B*L.NSX1S     +    C*1.W«K2] 


A 

= 

B  .66% 

B 

= 

0«0714 

C 

-- 

— 0«046? 

h 

= 

0=45*9 

r 

= 

?o?393 

IF 

= 

«;«   2J 

hi  i   £  nil.  i 


MIM1ANA    UEPAhlNtNl     OF     t-  ISM     AND     CAME 
AjUAlIC     INSLC1     REfckt  SSIUN     AfiALYSIS 

Ftfa^OAfeV     lb.      lv?6 


SLUKESSIUN    OF     V^     UN     XI     ANL     X  k. 


station:      17 

NUWet-fc     Of     5ArtPt.tR  SI        24 
bAWLISG     PtRlGD:        StPT     IT.      19Tb 


KLLtL      I : 


A     +     b*X  1 


/. 

— 

ib.JbW 

fa 

- 

— 5.3"»4<» 

h 

- 

-0.4307 

F 

- 

5.01O9 

DF 

= 

1  .    2z 

Y     =     A     +     t.*Xir 


A 

= 

27.j7*> 

b 

= 

-7.62  5*> 

H 

c 

-C.42  29 

F 

= 

4. 7912 

DF 

= 

1.     22 

Y    =     A     ♦     B»X1      -J-     C*X2 


A 

= 

26.0  442 

b 

= 

-3.S869 

C 

= 

-2.1185 

Ft 

= 

0.4319 

F 

= 

2.4  083 

DF 

= 

2»     21 

3=> 

I 

ro 

CO 


Niui^eL    1 1 : 


LN<  Y) 


A     -4-      [i*Xl 


A 

- 

3.2  i3a 

B 

— 

-0.24  21 

R 

=. 

-0.3  501 

F 

- 

3.0  726 

DF 

« 

1,     22 

LN(Y)     =     A    +    B*X2 


A 

= 

3.1735 

B 

= 

—0.3352 

R 

i 

—0. 336J 

F 

= 

2.6127 

DF 

= 

1.    22 

Lfc«Y} 


A     ♦     b*Xl     -8-     C*X2 


A 

= 

3.2136 

B 

= 

— 0.2  3S& 

C 

=; 

-0.0  037" 

R 

=• 

0.3501 

F 

= 

1  .4  665 

DF 

= 

2.    21 

MODEL      III:         LNJYI     =     A     +     fc)*LN(Xl) 


A     =  2.667B 

E     a  -C. 267*4 


R     = 

-0  .«fat» 

F     = 

fc  .  J  9  04 

DF     = 

I  t     *.< 

LN<Y) 


A    +    B*LMX£> 


A    *  2.722V 

B     =  -0.0653 


k   = 

-0.53  &9 

F     a 

^.0037 

F     =. 

1.     22 

LK«Y>     a>    A    ♦    b*LN(Xl)     -fr    C*LMIX2» 


A 

= 

2.7064 

Cs 

= 

O  .04 18 

c 

= 

—0.0727 

R 

= 

0.S39S 

F 

= 

4.3166 

DF 

= 

2.    21 

( 


hll       „'  f  1  tv  .   I 


f 


I-ON1ANA    Dfc HAh IMtNl     Uf      f    ISH     AMD     tAKt 
/-UOA1IC     IMJ-tt'1     f<tl>KtSSILN     ANALYSIS 
|-tt-t-UAf<Y     It  ,      1S76 


STATION:         !? 

NtwetR  ue    samplers:      24 

SAKPClNG    PERIOD:        OCT     9*     197b 


> 

1 

CO 
GO 


XI 

X? 

VI 

Y2 

*«UR 

CUfhtNl 

NUMfctft     OF 

SUMBEfc     OP 

DtPTH 

VtLuCl It 

SPt  CIti 

UhtAIMlSM^ 

u  .  i 

0.0 

t, 

3i 

0.2 

0.0 

9 

44 

0.2 

0.0 

1  1 

95 

o.t 

0.0 

7 

b? 

0.  1 

0.050 

3  5 

4] 

v,^ 

0.100 

1  1 

66 

0.t> 

0.250 

10 

102 

0  .4 

0=300 

1  7 

205 

1.2 

0.565 

11 

66 

1  .d 

0.O74 

a 

27 

1  .0 

0.(3  1  • 

9 

23 

1    „<L 

O.Bb8 

li 

101 

2.0 

0.92V 

I  i 

110 

2.1 

1.0  30 

S  3 

45 

1  .0 

1.0  60 

14 

115 

1.4 

1.060 

1.2 

167 

2.b 

1.130 

10 

151 

2.0 

1  .260 

11 

304 

1  eb 

1.29C 

12 

141 

2.9 

1.440 

10 

268 

2.5 

1.470 

10 

193 

2.5 

1.470 

13 

253 

3.0 

1.470 

a 

147 

3.4 

1  .650 

1  „ 

290 

MEAN                    1.4 

0.76b 

10.9 

126.9 

ST     LfcV           1.0 

0.570 

2.2 

bo. 6 

Kt->1      2/18.1 


MONTANA     Dtf>AhIM£NI     OF     FISH     AND     GAME 

huOATIC     1NSECI     Ktl,ktSl,H*    ANALYSIS 

FEfckOAwY     It.      lv7t> 


hE^«fcSSION    UF    Yl     ON    XI     AND     X2 


station:       i  ? 

NUMUEh     OF     SAHHUfcS:        24 
SAMPLING    PLRIOO:         OCT     4..      1**1 


MbLEL     J : 


y 

- 

A     +     h*Xl 

A 

= 

10.742b 

B 

= 

0.0928 

R    -  0  .0429 

F     =  G.O406 

DF     =  1,     22 


Y     ~     A    +     b«X2 


Y     =     A     +    t»*Xl     •*     C*X2 


A 

= 

1  0.1<*rt 

b 

= 

0.86  7-* 

R 

SE 

0.2217 

F 

= 

K  1372 

DF 

- 

1  9       2£ 

A 

= 

1U.4S42 

b 

= 

—2  .36»<> 

c 

= 

4.8284 

R 

= 

0  .*  7S8 

F 

= 

SeO?3J 

IF 

= 

2.21 

J  3= 
I 
ro 

CO 


MODEL     1  I  : 


LN1  ¥) 

- 

A 

-5-     i>*Xl 

A 

=: 

2.3462 

B 

- 

0.0  143 

R 

= 

0  .O  725 

F 

- 

0.1H4 

DF 

= 

I  .    22 

LNIY)     =     A    +     a*X2 


A     =  2.2*->t> 

F!     =  0.0V28 


LMCY1     =    A    -»    B*XI     *    C*X2 


k 

= 

0.2t>*4 

F 

= 

1.6C/S 

DF 

= 

1.    22 

A 

= 

2.3183 

B 

a 

-0.2233 

C 

= 

0.4662 

R 

= 

UobOfaJ 

F 

= 

3.OI60 

DF 

= 

2.    21 

MODEL     111 


LN{Y) 


A     +     b*LNCXl) 


A 

= 

2.3665 

43 

= 

0.0  265 

h 

= 

0.1J95 

P 

= 

0»*3b9 

OF 

= 

1.22 

LN(T) 


A    ♦    B*UVtX2> 


LNIYI 


A    +    B*LN(X1|    +    C*LN1X2> 


A    =  2.4134 

B     =  0.O2I4 


K 

= 

0.4^.66 

F 

= 

6.  76  IT 

OF 

= 

1.     22 

A    = 

2.4407 

B    = 

-O.0T9S 

C    = 

0.0365 

H     - 

O.S420 

F     IE 

*.3t>T0 

DF     = 

2.     21 

( 


( 


r 


►.Ml      L  1 1  t. 


(-UWTANA    ILPAklHlNl     Of-     FISH     AND     &AS« 

AlWAIIC    INatCl     NEthESSlLM     ANALYSIS 

Ftb(,UA(,V      lb.      lvTfc 


c 


WtbHtSSIliN    UF    Y2     ON     XI     Af»D     Xf 


UATlOh:        17 

NUMBER    OF     SAMPLERS 5        24 

SAMPLING    PER1UD5        OCT     V*      19TS 


HLLtL      1: 


Y  -  A     +     b*X  1 

*  =  49.9123 

B  =  S4.Q0  9O 

*>  -  C.b4jb 

F  *  15.b?bB 

WF  «  I .     £  2 


A     +     B*X£ 


A 

= 

AA.blfcfa 

B 

= 

104.6133 

R 

= 

o  .&&&:? 

F 

- 

I  9.  b4  6fe 

DF 

- 

la      2  2 

V 

-     A 

♦    B*X1      * 

A 

=: 

«••>!  146 

fc) 

» 

4.5643 

c 

= 

96.9B23 

R 

= 

0068» 

F 

=• 

■9  .4889 

DF 

= 

2c    21 

C*X2 


oo 
en 


ML'DtL 


L.NI  Y) 

= 

A 

+    btXl 

A 

= 

3.9t-59 

B 

- 

0.43ii2 

ft 

^ 

O.ibC* 

F 

= 

1  1.IT33 

DF 

= 

1  9     22 

LN«Y) 


A    +     b*X2 


A 

= 

3.6960 

B 

= 

0.875G 

R 

=. 

0.fc<*44 

F 

= 

1 5=62  3a 

DF 

= 

1.     22 

LNIYJ     =    A     +    S*X1     +    C«X2 


A    = 

.3  .9062 

B    = 

-0.074  8 

C    = 

0  .99849 

R    = 

0 .&4&S 

F    = 

7. SO  12 

DF    = 

2.    21 

MOUEL     111:        LNJY) 


A     +     &*t_N(Xl) 


A     s  4.61 39 

b     -  O.J7tl 


R     ^ 

F     = 

DF    = 


u,l>«  17 

9.1364 

1  «     2  2 


LN«Y>     =     A    +     b*LN{X2» 

A    =  4.7SV7 

B    =  0.0793 


H      - 

0.4*  t,l 

F     = 

S.436*. 

DF     - 

1  •     22 

LN<Y) 


A    +    a*t_M(Xl>     +    C*LNfX2> 


A    = 

4  »fe&S4 

B    = 

»o3258 

C    = 

U.0175 

R    = 

0.i>4S7 

F    - 

4.4  526 

DF    = 

Zt    21 

M-"!     «  /!<-.  1 


MONTANA    UEPAk  IHtM     Uf^     h|SH    AND     ttMt 

AGUA11C      iNifcCI     KLGfcESSIliK     ANALYSIS 

Ftt(.UAk»     lb.      197t> 


jtatiun:       i7 

NUMBER    UP      SAMPLERS:         24 
SAMPLING     PtkJOCi:         NOV     ?.     197i 


i 

> 
I 

CO 


XI 

X2 

Yl 

V2 

fcATEF* 

CURRENT 

NUMbLR     OF 

NUMBER     Ltf- 

CEPlh 

VELOC1 TY 

bPt.C  ICS 

UhtANI SWo 

0.2 

0.0 

t. 

4  3 

0.3 

o.o 

4 

91 

0.4 

o.o 

'~ 

^& 

0.5 

o.o 

t> 

4fa 

1.1 

0.397 

7 

46 

O.b 

C.44C 

( 

44 

1  .2 

0.46b 

6 

36 

0.7 

0.t61 

4 

19 

l.O 

0.701 

4 

47 

1  .0 

0.755 

10 

t>e 

I  .7 

l.oeo 

14 

149 

1  .6 

1.110 

7 

100 

l.b 

1  .200 

io 

103 

1.5 

1.230 

7 

26 

2.0 

1.260 

1  1 

163 

1.9 

1.500 

1  1 

206 

2.2 

1  .600 

9 

1^3 

2.4 

1.600 

lt> 

263 

2  .5 

1 .  54  0 

14 

271 

2.2 

1.610 

13 

303 

2.5 

1.720 

13 

551 

3.0 

1.B00 

12 

118 

3.1 

1  .650 

k  I 

36V 

3.2 

2.360 

14 

2  74 

MEAN                    1.6 

1.0?9 

9.0 

149.  fc 

SI    ttV          o.<* 

0.676 

3.  a 

133.9 

I 


( 


hvl   £  tl  fc.  1 


MONTANA     OEPAkTMENI     OF     FISH     AND     GAME 

AQUATIC     INStCl     RfeGMtSSION     ANALYSIS 

FttkUAhV     16.      1<*76 


r 


station:      17 

NOMSCR  of    sa*»sh_eh&s      a* 

SAMPLING    PERIODS       MOV     r,     1»75 


ftttSbbSlUN     UF     VI     ON    X 1     ANC     X2 


MODEL     1  : 

Y 

-     A     +     b*X 1 

A 

=                    Jot>Si^l 

Es 

=                    J.4H9 

«     =  0.8316 

F    =  4y.31feS 

i*   =  l*   za 


Y     =     A     +     b*X2 


A 

= 

4.3860 

B 

= 

4.EZ20 

R 

= 

o.eifci 

F 

= 

43.6881 

iF 

= 

1.    22 

Y     =     A     +     B*XI     *     C*X2 


A 

= 

3.7237 

U 

= 

2.S<971 

c 

= 

1.217B 

ft 

= 

0.6338 

F 

= 

23.9449 

OF 

sa 

Z»     21 

5= 
I 

1  CO 
"si 


MUL.LL     III 


LNl  V  ) 

=     A     +     fa*Xl 

A 

=                  1.42E7 

6 

0.4251 

H     =  0.6^13 

F    =  45.6064 

DF    =  I,    21 


LN(Y) 


A  = 

B  = 

R  = 

S-  = 

OF  = 


A    -»    t)*Xi£ 

1.5218 
0.5658 

0.8103 
42.0682 
1«  22 


LN(lf)     *    A     +    B*X1     +    C*X2 


A    = 

1 .4463 

B    = 

0.2893 

C    = 

0 .1906 

R    = 

0.8248 

P    = 

22.334S 

OF    = 

2.     21 

MODEL     III!        LM!Y) 


A    +     fa*LN JX1 > 


A  =  1  .9848 

B  =  U.4926 

K  =  G.6007 

F  =  39.2S*.rt> 

OF  =  I,     22 


LN(V)     =     A    ♦    B«LNtH2S 


A 

= 

2.2262 

B 

= 

0.0665 

W 

= 

0.6242 

F 

= 

14.0445 

DF 

- 

1.    22 

LN4V1    =    A 

♦    tt*M*tXil 

+    C*«.NSX2» 

A    = 

1.9198 

B    = 

0.5981 

C    = 

—0.0215 

k   = 

o.ttorr 

F  = 

19.7087 

OF    m 

2.     21 

f^t-1      <r/lu.l 


MUNTANA     DEPARTMENT     OF     FlbH    AND     DAfclfc 

AUUAI1C     INStC)     KEGRESS1UN     ANALYSIS 

FEbHUAWIT      l».      1SJ76 


STATION:        17 

MUWBfcft    OF     SAMPLERS:         2* 

SAMPLING    PERIODS        NDV     7.     1 97S 


fctfakESSlDN'    OF     »i     UN     XI     ANL     X; 


Mm.. el    I  : 


V     =     A     +      L*X1 


A 

- 

-2  7.i  C  74 

B 

- 

11C. 44  34 

R 

=; 

0.7bSO 

F 

= 

29.1678 

DF 

ss 

1.        C.H 

V     =     A     +     b*X2 


A 

= 

1  .06£S 

B 

- 

143.791t> 

R 

= 

0.726fc 

F 

* 

24.8883 

DF 

= 

1.     2? 

A     +     D*>X1      ♦    C*X2 


A 

= 

-2#>.4t>42 

B 

= 

105.54&4 

C 

= 

6  .8  72© 

R 

= 

O.T551 

F 

= 

13»*261 

DF 

= 

£  •    21 

3=> 
I 


MODEL     IIS  LNtY)     =     A    +     b*X I 

A    =  3.255J 

6    =  0.e4  33 


H 

= 

C.dOB9 

F 

- 

4  1.64M 

DF 

= 

1  .     22 

LN(V  ) 


a  +  a*xa 


A 

= 

3.4  799 

B 

— 

Koaw 

R 

= 

0.774-4 

F 

= 

32.9497 

bf 

= 

1.     22 

LN«Y>     =    A     +    BSX1     +    C*X2 


A 

= 

3»2483 

B 

X.: 

0 .8883 

C 

= 

-O.0632 

R 

= 

o.eovo 

F 

-- 

IV. 8898 

DF 

=; 

2.    21 

MUCLL 


LNIY)  =     A  +     h*LNCXl   ) 

A  =  4.3B52 

a  =  0.8902 

U  -  0.7  I  ti« 

F  -  23.4675 

DF  -  1.22 


LN(V) 


A    +    B*LN(X2) 


A 

= 

4.773<> 

B 

- 

0.  09*  1 

R 

m 

0.43b3 

F 

= 

5.2308 

DF 

.- 

1»     22 

LN«V»     =    A     *    BfLN(Kl)     +    C*LN(X2) 


A 

= 

3.9835 

a 

K 

S.S4S® 

c 

= 

-0.1328 

R 

= 

0e?8»O 

F 

= 

IT. 3165 

OF 

- 

2.     21 

( 


( 


f 


f<PT      2  71fc.l 


WWT6N*    OEPAH  IMENT     0^      USH     ANO     6AW£ 

AQUATIC     INitCl     REGRESSION     ANALYSIS 

Ftbi-UARY     Its,      Iv7b 


station:       it* 

NUMBER   OF     samplers:       2* 

SAMPLING    PERIOD:        AUG     6 .      I 9T5 


IN3 

'J3 


XI 

X2 

Yl 

V2 

BATES 

CURRENT 

NUMBER 

OF 

NUMBER     Of 

DEPTH 

VfcLOCI TV 

SPECIES 

ORGANISMS 

0.6 

0.0 

1 

2 

0.5 

0.674 

4 

t 

0.6 

0.746 

5 

13 

0.4 

0.837 

fa 

15 

O.B 

0.927 

s 

Si 

1.0 

1.170 

a 

2.1 

0.7 

1.210 

7 

35 

0.6 

1.290 

6 

37 

0.5 

1.320 

S 

8* 

1.5 

1.36  0 

6 

53 

1  .1 

1.400 

3 

7 

1.3 

1.5  30 

4 

lb 

1.1 

1.570 

t 

23 

1.5 

1.760 

3 

J  8 

1.6 

1.870 

4 

33 

1.6 

1*980 

» 

*J 

I  .8 

2.190 

4 

36 

1.9 

2.190 

4 

49 

2.3 

2.190 

4 

131 

1.9 

2.240 

6 

68 

2.4 

2.280 

a 

110 

1  .8 

2.39© 

3 

26 

l.fc 

3.270 

3 

24 

2.0 

3.270 

3 

46 

M£AN                  1.3 

1.653 

4  . 

B 

37.9 

ST    Dfc V           0.6 

0.782 

lo 

6 

32.4 

fitefr. 


3> 


HPl      2 i\ 6. I 


MONTANA    OfPARlMtNl     OF     F  I  ;>H     AND     fcWa£ 

AOUATIC     1NSLCI     RE&fcfcSSlON     ANALYSIS 

FFEHUAfVY      16.      IWfo 


kEGktSSlQN     OF     Yl     uN    XI     AND     X  2 


L1ATIO+*:         18 
NUHSR     OF    SAMfnjERS:        24 
S*m.INt    PEKrOD:        AUi>    fc.     197& 


MODEL      1 


Y  =  A     +     t  *X  1 

A  =  b„tA73 

B  =  -0.b8il 

hi  =  -0.28  17 

F  =  G.^330 

DF  =  1»     22 


Y     -     A     -»     B»Xa 


A 

= 

6.42S2 

B 

= 

-C..3632 

P 

= 

-O.  lfc>ii> 

F 

= 

0.61Q7 

DF 

r 

1  .     22 

Y    =     A     +     H*X1     +     C«Xii 


A 

= 

!>.i>584 

B 

= 

— O.S4SS 

c 

= 

-O.Q3t>2 

R 

= 

0.2019 

F 

= 

C  =4  463 

DF 

= 

2»    2J 

MUf 

JfcL 

1 1  : 

LN(  Y) 
A 

A 

•i-     B*X  1 

1.5&9Q 

B 

= 

-0.05T1 

fc 

= 

-0.0  7  7b 

F 

= 

0.U33 

DF 

= 

1  •     22 

LN(Y) 

= 

A 

-5-     B*X*i 

A 

=; 

1 .4869 

B 

= 

-0«000« 

R 

=. 

-O.OOlfc 

F 

= 

0.0001 

DF 

= 

1*     22 

LNiYJ     =    A    +    B#X1     -fr    C*X2 


A    *= 

1«>S2T4 

a  = 

-O  .  IbisV 

c  = 

C.1046 

R    = 

0.1312 

F    = 

0.183V 

OF    = 

E.     21 

MODEL     111:        LNC Y> 


A     ♦     b*LN(Xl i 


A    =  1.4V&3 

d   -  -o.ort*. 


h     = 

-0.0y31 

F    = 

0„S  92fe 

iF     = 

1*     22 

LN(Y)     =     A    +    Ef*LN«K2J 


A 

- 

1.4EVJ 

B 

= 

0.116b 

R 

= 

0.6i6i) 

F 

= 

15. 1406 

DF 

= 

1.  sea 

LNt?)     =    A     4-    B*LNJX1J     *    C*LN(X2> 


A 

- 

1.5339 

B 

=■ 

-O.3303 

C 

~ 

0 .1441 

R 

- 

o.?3ao 

F 

— 

12.t>5B9 

UF 

- 

2.     21 

1 


( 


f 


Kl->l      ^718, 


MUWTANA    DEPAWTHtNl      OF     FISH     AND     GAMfc 

AuuATIC     INSECT    NtGSESMUN     ANALYSIS 

FEbKUARY     la,      ls»76 


REGRESSION    OF    Yi;    ON    XI     AMI.     X2 


STATIONS        i£ 

NUMBER    OF     SAHPLfcRS;        24 

SAMPLING    PLRIODS        AUG    t>.     1975 


MtJbtL 


I 
I 


MODEL     I  I : 


A     +     fc*X  1 


A     = 
b    = 


31 .3940 


R     =  0ob936 

F    =  11  .9  667 

DF     =  1  ,     cl  c 


LN(  Y  ) 


A     +     bSXl 


A    = 

fa    = 


2.0241 
0.9603 


R     *=  0.6  1  13 

F    =  1  3.1296 

DF    =  1.     22 


Y     -     A     +     B*X2 


A 

- 

6.77  76 

B 

= 

17.6227 

fi 

= 

C.«6i 

F 

= 

4.68O0 

F 

- 

1.2? 

LN(Y) 


A     +     B*X2 


A 

= 

2.0063 

B 

= 

0.7621 

R 

= 

0.6205 

F 

- 

13.77G4 

DF 

= 

1»     22 

Y 

~     A 

+  a*xi    ♦ 

A 

= 

-0.6454 

a 

= 

3e«,6102 

c 

= 

— 6«>93&9 

H 

» 

0.60S5 

F 

= 

5 .9531 

DF 

= 

2.    21 

C*X2 


') 

=    A 

+    b*Xl     + 

A 

s 

1 ^8674 

B 

= 

0„49S2 

C 

« 

0»«4  7t 

R 

= 

O.6470 

F 

= 

7.5593 

F 

= 

2.    21 

+    C*X2 


MODEL     Ills        LNSY)     =     A     +    fa*LN<Xl) 


A 
b 


3.1437 

0.95y* 


R     -  0.b466 

F    =  9.3726 

DF    =  1.     2  2 


LN(Y» 


A    ♦     B*LN(X2> 


A     = 
B    = 


3.  27 83 

0.2493 


R     =  0.6434 

F     =  15.5404 

DF     =  J  .     ?2 


LNlY>    =    A    ■»    B*LN»X11     +    C*LNCX2> 


A 

a 

3.1965 

B 

= 

0.6136 

C 

= 

0.1 967 

R 

= 

0.7195 

F 

= 

11.2687 

DF 

m 

2.    21 

K^T    ^7lb.l 


MO«*NA    DEP*MHEWT    OF     FISH    AND     GAME 

AuUAlIC     INbtCT    ME&SlESSlON     ANALYSIS 

Ft  t*iUARV      IB.      1976 


ilAIION!         16 

NUMBER   or    samplers:       24 

SAMPLING    PERIODS        SEPT     9.     1975 


> 
I 

no 
■P» 
ro 


XI 

X2 

Yl 

Y2 

BATfcR 

CURKEN1 

NUMBER    OF 

NUMBER    OF 

DEPTH 

VELOCITY 

SPECIES 

ORGANISMS 

0.1 

0.0 

A 

I  1 

0.2 

0.0 

ft 

22 

0.2 

0.0 

9 

29 

0.2 

0  =  100 

a 

34 

0.3 

0.100 

3 

17 

0.7 

0.403 

6 

11 

0.8 

0.516 

5 

22 

0.9 

0.763 

4 

11 

0.6 

0.B37 

4 

16 

1.1 

0.837 

5 

15 

1.2 

1.010 

7 

31 

1.3 

1.110 

5 

32 

1.3 

1.110 

5 

26 

1.4 

1.200 

V 

53 

l.fe 

1.260 

4 

■40 

1.9 

1.260 

6 

7s  0 

z.o 

1.290 

7 

E.S 

2.5 

1.290 

7 

29 

1.8 

1.360 

9 

32 

2.3 

1.540 

9 

49 

2.3 

1.650 

a 

30 

2.7 

1.65G 

V 

30 

3.0 

1.6  30 

5 

36 

3.5 

2.140 

6 

31 

MEAN                  1.4 

0.970 

6.0 

28.9 

ST     DEV           1.0 

0.623 

1.7 

12.2 

(. 


( 


f 


KPT     2718.1 


MONTANA    OEPARIMENT     OF    FISH     AND     feAfSfc 
AOUATIC    INSECI    REGRESSION    ANALYSIS 

FEBROAfiV     18,     1976 


KcfcCRtSSlON    OF     VI     ON     XI     AND     Xi 


station:      i6 

NUMBER    OF    SAWPlfRSS        i*4 
SAMPLING    PERIOD:       SEPT    9.     19TS 


Mi. DEL     IS 


Y     =    A    +     b*Xl 


A 

a= 

S.4S23 

6 

— - 

0.3677 

R 

=r 

o.^zoa 

F 

= 

1.12  78 

DF 

= 

1.     22 

Y     =     A     +     e*X2 


A 

=• 

5.5fe63 

B 

= 

0.4451 

R 

= 

0.I63S 

F 

= 

0o6063 

jF 

= 

Is     22 

A    ♦    b*Xl     +    C*X2 


A 

=■ 

5.598? 

e 

= 

1.3196 

c 

= 

-1.508S 

a 

— 

0=27*0 

F 

— 

0.8522 

OF 

= 

2a,    28 

CO 


MODEL     I  I : 


LN(Y>     -    A    +     B*X1 


A 

= 

1.6344 

B 

= 

0.0033 

R 

= 

0.2752 

F 

= 

i.aoao 

DF 

= 

1.    22 

LN(Y)     =     A    +    B*X2 


A 

= 

i.t>52o 

B 

- 

0.1 024 

R 

= 

0.2185 

F 

= 

1.1025 

DF 

= 

1.     22 

LN<Y) 


A     +    B*X1    ♦   C*X2 


A    = 

1=6583 

B    = 

0.234© 

C    = 

-0.2454 

R    = 

0.3149 

F    = 

I  .156.1 

DF    = 

Zv    21 

MODEL     III;        LNiY)     =    A    +     B*LN|X1> 


A    - 
B    = 


1.7523 

0  ^Ot.53 


R    =  0.2238 

F    =  I.1&96 

DF    =  1>     22 


LN(Y) 


A    -I-    B*LN{X2> 


A 

— 

1.7523 

B 

= 

0.0002 

r« 

= 

0.0021 

p 

= 

0.0001 

F 

= 

t.     22 

LNJV5    =    A    ♦   »*LN<X1  >    ♦    C*LN(X2» 


A    = 

1.6862 

B    = 

0.20TT 

C    = 

— C.0433 

R    = 

0.3961 

F    = 

1.9538 

OF    — 

2  .    21 

hPT     271  *>„! 


MONTANA    DEPARTMENT     OF     FISH    AND    fcAME 

Auuarsic    iNsto    regression   analysis 

FtBfcUARY     ie.     Iy76 


I'M 

I 


KtGRtSSIQN    OF    Y2    ON    XI     AND    X2 


STATIONS         18 

NUtaSER    OF    SAMPLERS:        24 

SAMPLING    PERIOD:        SEPT     «*.     19T5 


HCCLL     I : 


y    =    A    +     b*Xl 


A     +     B«Xi 


Y    =     A     -i     b*Kl     4-     C*X2 


A 

= 

20.1720 

fa 

= 

b.1909 

R 

= 

C4S>QI 

F 

= 

b.S»546 

DF 

a 

1  •     22 

A 

= 

19.0913 

b 

- 

10.131O 

R 

= 

0s,51SZ 

F 

= 

Bo 074 6 

OF 

= 

1  c     22 

A 

= 

19.0  728 

b 

= 

-D.8036 

C 

— 

IS  sS205 

R 

~ 

0»isI85 

F 

— 

3.B606 

DF 

= 

2b    21 

MGUEL     II: 


LNl  Y)     =    A  ■+     B*Xt 


LN«Y>     =     A    *     B*X2 


A    = 

2o9099 

B      «5 

0.254? 

R     = 

0.S291 

F    = 

8.5&A2 

DF    a 

1.    22 

A 

-. 

z.eizb 

6 

= 

0«.4G94 

R 

= 

0.5496 

F 

= 

<*.b2I8 

DF 

K 

1.    22 

LNtYS     a    A     -fr    B*XI     *    C#352 


A    « 

2.8T30 

8    a 

0.QI9B 

C    = 

0*3801 

R    a 

O  «b*97 

F     a 

4.5476 

DF    = 

2.    21 

MODEL    in: 


LNJYJ     a    A    *     B*LNSXS> 


LNIVJ     =     A    ♦    B*LN(X2> 


A 

a 

3.2704 

B 

- 

0.24  01 

R 

=. 

C.fal.39 

F 

= 

7. 6946 

DF 

a 

1.     22 

( 


ft 

-, 

3.3300 

B 

= 

0.0393 

R 

=: 

0.3327 

P 

= 

2«,T3©® 

DF 

- 

li     22 

in 

=    A 

♦    B4LW4S8 * 

A 

a 

J.217J 

G 

K 

0s364S 

c 

= 

-0«8349 

R 

a 

O.S399 

F 

» 

4 .3SOS 

OF 

a 

2.    21 

♦    C#LMtX2) 


Hfl     2  /lt>.  1 


N(-*(TANA    DEPARTMENT     Of     f-ISM    AND     GA&£ 

AwUATIC     INS£C  I     f<£CRtSSION     AMALVSIS 

FfcBKUAMY     lb,      H,76 


station;      lfc 

NUMSfcft  of    sahpu:hss      a* 

SAM«_INt    PfeHlOO:        OCT     IS.,     1975 


-p. 

en 


XI 

X2 

Yl 

Y2 

kATtR 

CUNflENT 

NUMbtW 

OF 

NUH6ER    OF 

OLPTH 

V  £LU  CIIV 

SHtCIES 

UhGANI  sws 

0.1 

0.0 

3 

fe 

0.1 

0.0 

1 

11 

0.2 

0.0 

.'* 

26 

0.2 

0.0 

9 

22 

0.2 

0.  ICO 

4 

31 

0.2 

0.150 

1 

50 

0.3 

0.25C 

to 

140 

0.6 

0.330 

9 

66 

0.5 

0.400 

9 

7  P. 

0.7 

0*550 

s> 

59 

0.6 

0.6  49 

12 

65 

1.2 

0.637 

SO 

60 

1.0 

0.850 

1.2 

92 

1.2 

1.110 

13 

112 

1.8 

1.110 

6 

54 

1.6 

1.4  40 

11 

199 

0.6 

1.650 

7 

34 

l.b 

1.790 

10 

142 

0.9 

2.  140 

11 

181 

O.T 

2.490 

•b? 

98 

1  .2 

2.550 

e 

75 

1.2 

2.Y3C 

13 

144 

1.5 

2.&60 

V 

131 

1  .5 

2.VbO 

7 

124 

MfcAN               o.a 

1.124 

8. 

S 

84.0 

SI     DfcV           0.6 

1.031 

2. 

9 

53.1 

71  b.  1 


fUNTANA    D€P»hlH£Nl      OF     FISH     AND     G*M£ 

AUUAT1C     INStLl     MtRtSblW     ANALYSIS 

FEbKUARY     lb,      li(f6 


I   ,   '   I 
) 


f-cEibKESSIQN    OF     Yl     ON     XI     AND     X2 


STATION:  lfa 

NUMBER    OF     SAMPLLRS:         24 

SAMPLING    PtSIOO:        OCT     1  i,.     1  V?5 


MODEL     I ; 


Y     =     A     +     [«1 


A     +     H*X2 


I 

(NO 

ch 


.''. 

- 

b  =  «6% 

B 

- 

3=00  14 

R 

= 

o.&fcyi 

F 

- 

I C. 54 00 

u- 

= 

1.      ?2 

MODEL 

1 1  : 

LN{  Yl 

=     A 

*     b*Xl 

A 

= 

1.6822 

B 

= 

0.4  566 

R     *  0.6  C48 

F     =  J£.fc880 

vr-    =  1.    22 


A 

- 

7.088/ 

fa 

= 

1  .21«j>0 

R 

= 

0.4  264 

F 

=■ 

4.bi>&l 

OF 

= 

I  •     22 

LKIY1 

= 

A 

+ 

B*X2 

A 

= 

1 „  84  53 

b 

- 

0.  IS>17 

R 

= 

0 .4686 

F 

= 

6.18<*2 

OF 

= 

1.     22 

Y     ~    A    ♦    b*Xl     *    C*X2 


A    = 

5.9645 

B    = 

2 .6283 

C    = 

0  «1320 

R    = 

0.5701 

F    = 

5*05*9 

OF    = 

2    r,         2  | 

LN(Y}     =    A 

+    Ef*Xl     4- 

A    = 

1 .6609 

B    = 

0.4197 

C    = 

0.0  328 

R     = 

O.60T* 

F    = 

6. 1392 

OF    = 

2.    21 

MODEL      III:         LN(Y>     =.     A     ■«•     fc*LNiXl) 


A 

= 

2*24 14 

E, 

= 

o.;-  5tji 

K 

= 

0.77E4 

F 

= 

33.1ti95 

*= 

= 

1  .     22 

LNIY1     =     A    +    B*LN(X21 


A 

— 

2.1843 

B 

= 

0.062  3 

R 

= 

0.6567 

F 

- 

I6.6S45 

OF 

= 

1.22 

LNIY1     =    A 

+    t)*LNIX 

A    = 

2.2411 

B    = 

0.3363 

C     = 

0  .00  49 

R     = 

O.T?i9 

F    = 

15.8874 

OF     = 

?.     21 

( 


<* 


{ 


nhi   i.rib.i 


VDNIANA    DEHARTKEM.1     OF     FISH    AND     6AM£ 

AUUATIC     INSECT     MtfcHEi,SltW     ANALYSIS 

FfcttfcUAHY      18.      1V76 


HkbfitSSlUN    OF    Y£    ON    XI     AMD     X2 


^iatiqn:      if 

nurses  of   samplers:      h* 
eamplinb  pericoi     oct    is.   1975 


MDOtL     l: 

V 

= 

A 

+    b*xi 

A 

» 

34.1J16 

B 

= 

60,1426 

ft 

= 

0.6329 

F 

= 

14.6983 

DF 

= 

1  •      iS 

Y     =     A    +     b*X2. 


A 

= 

48.1276 

b 

= 

3U9266 

Pi 

= 

0.619B 

F 

= 

13.7245 

DF 

= 

1.     22 

y 

=    A 

*    tj*Xl     + 

A 

= 

33.4  391 

a 

a 

36.959V 

c 

~ 

1 7.7246 

R 

= 

0.67T8 

F 

= 

6.9233 

OF 

s: 

2.    21 

coca 


3> 
i 

) 


MODfcL 

11  : 

LN(Y)     = 

A    = 

B    = 

R     = 

F    = 

DF    = 

A 

+     b*Xl 

3.33S4 
1.0O56 

0.6764 

lfc.5538 

1.    22 

LMY>     =    A  +    B*X2 

A     =  3.5940 

B    =  0.5122 

R    *  0.6354 

F    =  14,89*0 
DF    =  1,    22 


LN(Y» 


A    ♦    B*X1    +    C*X2 


A 

= 

3.3256 

8 

S& 

0.67S4 

C 

=5 

0.2526 

Ft 

BE 

0.7116 

F 

= 

10.7715 

rF 

S. 

2.    21 

MODEL     III:       LNlY) 


A     +     B*LN(Xl) 


A  -  4.5390 

B  -  0.7327 

R  -  G.60t>5 

F  -  40,6*02 

DF  =  1.     22 


LN<Y1 


A    = 

B     = 


A    +    B*LNCX2S 

4.4781 
0.1556 


LN«V» 


A    +    B*L.N(XI  i     +    C#LMX2» 


R  =       0.B326 
F  =      49.7742 
DF  =       1.  22 


A 

a 

4.5347 

B 

- 

0.3369 

C 

i^ 

0.09S4 

R 

= 

OefeSefi 

F 

- 

29.4437 

DF 

= 

2.21 

&PT     2716.1 


NONTAWA    OEkAKltttNl     OF     FISH    AND    GAME 

AUUATIC    INSECT    REGRESSION    ANALYSIS 

FEBRUARY     16,      1976 


I  [1 
) 


oo 


i 


N^MS£B    OF    SAMPLERS:         24 
SAMPLING    PERIOD:        NOV     II,      19T5 


XI 

X2 

VI 

Y2 

WATER 

CURRENT 

NUMBEH    OF 

NUMBER    OF 

UEPTH 

VELOCITY 

SPECIES 

ORGANISMS 

O.l 

0.0 

1 

2 

0.2 

0.150 

3 

15 

0.3 

0.22O 

fa 

23 

0,4 

0.333 

& 

20 

0.6 

0.51O 

11 

5? 

0,9 

0.705 

« 

Ef> 

1.1 

0.770 

3 

19 

l.b 

0.967 

S 

102 

1  .3 

1.200 

7 

64 

1  et> 

1  .260 

7 

9b 

1  .9 

1.4  10 

13 

167 

2.0 

1.44  0 

? 

74 

1.7 

1.570 

10 

aa 

2o3 

1.610 

11 

129 

1  &  1 

1.670 

7 

22 

2.7 

1.690 

12 

92 

2  .5 

2.000 

11 

164 

3.0 

2.000 

9 

58 

1.6 

2.190 

8 

SI 

2.1 

2.196 

8 

102 

1  .8 

2.600 

5 

70 

2.7 

£.68© 

3 

SI 

2.4 

2.730 

7 

59 

2.4 

3.550 

4 

51 

MEAN 
ST     DEV 

1.6 

0.9 

1.4  77 

0.921 

7.0 
3.2 

65.  a 
4*»e 

.;#w*-;" 


HH     271b. 1 


f 


KLNTANA     D£P*R1MEW     OF     FISH    ANO     fcABfe 

AwtlATIC     INSECI    REGRESSION    ANALYSIS 

FEBRUARY     18.     1976 


REGRESSION    OF     Yl     CIN    XI     AND    X2 


STATIONS         16 

NUMBER   OF    samplers;       2* 
SAMPLING    PERIODS       MOV     11.     1975 


MODEL     l: 

Y 

- 

A 

+ 

B*X1 

A 

iL 

4.2757 

B 

= 

1  .7469 

H 

i. 

0.4  6b3 

F 

= 

6=0795 

DF 

= 

1.22 

Y  =  A    +     B*X2 

A  =  6.O9S0 

B  a  0.6410 

R  =  C.1831 

F  =  0.7632 

DF  r  1,     22 


Y    =     A     +    b«Xl      *     C*X2 


A 

= 

4.4430 

B 

SB 

3.6936 

C 

3?: 

-2.1992 

R 

= 

0.5053 

F 

= 

5.4T26 

DF 

a 

2.     21 

) 

> 

I 
ro 


ODEL 

1  IS 

LNl Y)     = 

A     = 
B    = 

R    = 

F     = 

DF     = 

A 

* 

B*X1 

1  .2809 
0.3366 

0.4  918 
7.0  169 
1.     22 

LNIY)  =  A    +    B*X2 

A  =•  U5S20 

B  =  0.1T95 

R  =  0.279b. 

F  -  l.fa646 

DF  -  1.     22 


LN»Y> 


A    -»    B*X1     +     C*X2 


A 

~ 

1.3001 

0 

ZT 

0.5626 

C 

= 

-0.2535 

R 

= 

0 .5400 

F 

= 

4.3225 

DF 

= 

2.    21 

MODEL     III:       LNCY)  -At    B*LN<X1» 

A  us  1.7322 

fa  -  0.4237 

R  -  0.64  06 

F  =  15.327T 

DF  =  1.     22 


LNCY)     =    A    ♦    B*i_N(X2) 


A 

= 

1.S6S1 

D 

= 

0.1627 

ft 

= 

0.6939 

F 

=r 

2  0.43O4 

DF 

- 

1*    22 

Y>    a* 

A 

*    B*LN(X1 1    *    C*LN(X2> 

A    = 

1.8213 

B    = 

0.1537 

C    = 

o.naa 

R    = 

0  .70  74 

F    = 

I0.51B0 

DF    = 

2.    21 

mt 


~m 


HPT     ^  yi  t>.  i 


MONTANA    UtPAMHENI     OP     FISH     AND     GAS* 

AuUAl  IC     1NSEC  J     HEGRfcSSlON     ANALYSIS 

FtEPUAKY     16,      l«7b 


REGRESSION     OF    ¥2     ON    X 1     AND    X  i 


station;      it> 

NOMBfcR   of    samplers:       24 

SAMPLING     PERIOD;        NOV     11.     1*7£, 


MODEL     IS 


y   =  a  +    b*x  i 


A 

= 

1T.C5W 

B 

= 

30.  t>  1  00 

H 

=. 

0.S9G4 

F 

= 

I 1.772S 

F 

= 

la      22 

Y     =     * 


♦     B*X2 


A 

= 

*1.32t>3 

a 

-- 

1 6.S939 

R 

= 

0.3410 

F 

= 

2„8«55 

or 

= 

1.     22 

V     =    A     *    b*Xl     *"*C*X2 


/■-, 

= 

18.74  20 

B 

= 

SO  »4M  1 

C 

r-. 

-22.23%! 

R 

= 

0.&444 

F 

=• 

7.4STO 

DF 

= 

£9     2* 

en 


MODEL     II; 


LN(  Y)     =     A     -i-     E>*Xi 


A 

= 

2.S9S2 

B 

= 

o.eor? 

k 

- 

C.6V77 

F 

= 

2t>.6t>97 

DF 

= 

1.     22 

iY> 

= 

A    -f     B*X2 

A 

= 

3.0285 

fc> 

" 

0.5660 

R 

= 

0.528  3 

F 

= 

6.51*5 

DF 

= 

Is     22 

L.NIY) 

=   A 

♦    B«X1    -S- 

h 

= 

2«&0T2 

a 

•"- 

0„®4I8 

c 

= 

-C.1583 

R 

= 

O.7027 

F 

--- 

10.2427 

DF 

= 

2<    21 

MODEL    IIII        LN«Y)     =     A     +    B*LN«S1) 


A 

- 

3.t»a*a 

fi 

- 

o.e^»7 

R 

— 

0.61  b& 

F 

- 

4  3.6911 

ye 

- 

1.     22 

LNIYJ     =    A    *    B*LNCX2I 


A 

= 

3.S»552 

t> 

- 

0.3072 

R 

= 

0.71JS2 

F 

= 

35.3t>«*0 

DF 

~ 

1.     22 

LNCYI  =  a  +  BW-NCX1)  *  C*t_N(X2) 


/ 
B 
C 
R 
F 
OF 


3.7916 
0=5752 
0.1428 
0 .8436 
25.4*200 
2.  21 


( 


APPENDIX  H 


A- 251 


H 


K»T  2718.1 


MONTANA  DEPARTMENT  Pc  FISH  AND  GA«£ 
AOUATIC   INSECT  RE&SESSION  ANA^VSIS 
MARCH  12.   1976 


,w 


■  en 


Kfl 


station:       17 

njkber    of    samplers:      2* 

SAMPLING    PERIOD:        OCT. 9. 1975 


Kl 

X2 

VI 

Y2 

WATER 

CURRENT 

DUMBER 

OF 

NJMBEft  OF 

DE°TH 

VELOCITr 

SCFCtES 

ORGANISMS 

0.  1 

0.0 

0 

1 

0.2 

0.0 

0 

2 

0.2 

0.0 

0 

1 

O.S 

0.0 

0 

5 

0.1 

0.050 

a 

1 

0.2 

0.100 

0 

i 

0.5 

0.250 

0 

8 

0.4 

0.300 

0 

2 

1  .2 

0  .565 

0 

i 

1.8 

0.674 

0 

2 

1  .0 

0.817 

0 

'3 

1  .2 

0.858 

0 

59 

2.0 

0.927 

0 

67 

2.1 

1  .030 

0 

20 

1.0 

I  .060 

0 

31 

I.* 

1  .060 

0 

91 

2.5 

I  .  130 

0 

1  10 

2.0 

1  .260 

0 

201 

1.5 

1  .290 

0 

73 

2.9 

1  .440 

0 

165 

2.5 

1  .470 

0 

142 

2.5 

1  .470 

0 

180 

3.0 

1  .470 

0 

94 

3.4 

1  .650 

1 

210 

MEAN        1.4 

0.766 

0. 

0 

61.3 

ST  DEV    1.0 

0.570 

0. 

0 

71.6 

II 


RPT  2718.1 


MONTANA  DEPARTMENT  O*   FISH  AMD  G»«E 
AQUATIC   INSECT  REGRESSION  ANALYSIS 
MARCH  12.   19T6 


DEGRESSION  OF  Y2  ON  XI  AND  X2 


station:       j7 

NUMBER    OF     SAMPLERS:        24 
SAMPLING    PERIOD:        OCT. 9. 1975 


13 


MODEL      I : 

V 

= 

»    »    e*x  t 

ft 

= 

-19.5299 

a 

= 

56.7452 

R 

= 

o.et eo 

F 

= 

44.5017 

DF 

= 

1  .     22 

y     -      A     *     1*  X2 


A 

= 

-20. 81 1* 

B 

— 

104.4713 

R 

m 

0.831 7 

F 

e: 

49.3494 

OF 

s 

1.     22 

Y     =     A     t      3*Xl      +     C»X2 


A 

s 

-23.4170 

Q 

= 

23.5951 

c 

c 

65.0236 

R 

" 

0.9*19 

F 

= 

25.5500 

OF 

■ 

2.     21 

ro 

en 

CO 


Id 


MODEL     II : 


(V)  =  A     ♦     B*X1 

A  =  0.3615 

B  *  1 .6773 

B  =  0.8302 

F  =  48.7969 

DF  =  1.     22 


LN<  Yl 


A     ♦     B*X2 


A 

=£ 

0.1456 

0 

n: 

3.3144 

0 

= 

0.9059 

F 

s 

1 00. 6949 

OF 

at 

I.     22 

LN<  Y> 


A     f      B*  X 1      *     C*X2 


ft 

■ 

0.1549 

a 

s 

-0.0844 

c 

IS 

3. 4535 

H 

= 

0 .9061 

F 

= 

48. 1 432 

DF 

= 

2.     21 

MODEL     III:         LN(Y)     =     A     +     B*LN(X1> 


LN(V|     =     A     ♦     3»LS(X2| 


■H 


2.8666 
1 .551 8 

0.6294 

48.5086 

1  •     22 


A 

a 

R 

F 

OF 


3.3897 
0. 2913 

0.6058 

12.8189 

1.     22 


LN(  Y» 

=     A 

•■      8*LN(X 

A 

CI 

2.8521 

B 

c 

1.5T8* 

C 

s 

-3.0073 

R 

* 

3.8295 

F 

s 

23.1633 

OF 

n 

2.     21 

n 
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MONTANA  DEPARTMENT  OF  FISH  AND  GA»£ 
AQUATIC   INSECT  REGRESSION  ANALYSIS 
SSARCH  12,  1976 


K'i 


Ifl 


> 
i 

ro 
en 
-P=> 


!;!; 


station:      17 

number  of  samplers:   24 

SAMPLING  PERIOD:   N0V.7.19ys 


XI 

X2 

VI 

yg 

WATER 

CURRENT 

•SUSiBER 

OF 

NUMBER  OF 

DEPTH 

VFLOCITV 

species 

ORGANISMS 

0.2 

0.0 

0 

0 

0.3 

0.0 

0 

9 

0.4 

0.0 

0 

9 

0.5 

0.0 

0 

0 

8.7 

0.9 

0 

a 

l.l 

0.397 

0 

a 

0.6 

0.440 

0 

2 

1.2 

0.465 

a 

1 

1.0 

0.701 

0 

0 

I  .3 

0.7S5 

0 

20 

1  .7 

1  .080 

a 

re 

1.6 

1.110 

0 

1  3 

1.5 

1  .200 

0 

58 

1  .5 

1.830 

0 

1 

2.  0 

1.860 

0 

I  10 

1.9 

1  .500 

0 

80 

2.2 

1  .300 

0 

89 

2.4 

1  .SOO 

0 

140 

2.5 

1  .540 

a 

201 

2.2 

1.610 

0 

135 

2.5 

1.720 

0 

390 

3.0 

1.800 

0 

80 

3.1 

1  .850 

0 

301 

3.2 

2. 380 

0 

1  70 

MEAN       1.6 

1  .002 

0. 

0 

77.7 

ST  DEV    0.9 

0.707 

(if 

e 

103.  S 

H 


H 


r 
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MOMTAMA  DEPARTMENT  OF  FISH  AMD  GAME 
AQUATIC  INSECT  REGRESSION  ANALYSIS 
MARCH  12,   I9T6 


SI 


REGRESSION  OF  Y2  ON  XI  AND  X2 


station:   17 

number  of  samplers!   24 

sampling  period!   nov. 7. 1975 


15 


MODEL 


V     =      A     +     B»X1 


ft 

■ 

-60.8812 

B 

= 

86.6*47 

R 

= 

0.7677 

F 

= 

31.5821 

iF 

= 

It     22 

V    m     A     «-    S*X2 


A     = 

a  m 


-28.2292 
105.7703 


R    -  0.T221 

F    =  23.9639 

DF     =  1.     22 


V     =     A     t     «t*l     ♦     C*K2 


A 

= 

-67.1 *28 

B 

IT 

1 12.0479 

C 

£ 

-33.90*7 

® 

ii- 

0.7703 

F 

W 

15.3205 

OF 

T.i 

2.     21 

I 

en 

en  , 


model    M: 


LN(V)      =     A     ♦     B*X1 


A 

E 

-8.5077 

B 

S 

5.54T® 

t5 

= 

0.7807 

F 

= 

35.25*2 

OF 

E 

1.     22 

LN(V>  =  A     ♦•     B*X2 

A  »  -6. 8370 

O  7.171* 

R  =  0.7833 

F  *  34.9281 

DF  =  I.     22 


LN(y) 


A     «-     9*xl     ♦■    C*X2 


M 

t: 

-7.96*0 

B 

■ 

2.9570 

e 

■ 

3.4854 

R 

= 

0.791* 

F 

« 

1 7.6035 

DP 

= 

2.     21 

33 


MOOEL     III:        LNIV)     =     A    ♦•     8*LN(X1) 


A     * 

9     * 


-1 .4100 

7.2499 


"     =  0.8626 

F     =  63.9667 

OF    =  1.     2» 


LNCV  I 


A  «■  B*LM(X2> 


A  ■>  2.7668 

B  «  1.053S 

R  «  0.7892 

F  *  36. 3SS9 

OP  «  I.  88 


~*UV>     ■    A    ^     3*LN(X1J     ♦    C*LN(X2» 


A  B 

B  » 

C  * 

■?  «= 

F  = 

or  * 


-0.4966 
5.8837 
0 .2533 
0.86S2 

32.1323 
2.     21 


ipr  2718. t 


MONTANA  DEPARTMENT  OF  FISH  AND  G««f 
A3UATIC  INSECT  REOnaSSION  ANALYSIS 
MARCH  12,   1976 


^ 


3> 
I 

cn 


19 


station:   is 

number  of  samplers:   2% 

SAMPLING  PERIOD:    OCT. 15, 1975 


XI 

XJ 

VI 

yz 

WATER 

CURRENT 

NUMBER    OF 

Njw.BER    OF 

OE»TH 

VELOC I  TV 

SP5CI ES 

ORGANISMS 

0.  1 

0.0 

0 

0 

0.  t 

0.0 

0 

0 

0.2 

0.0 

0 

2 

0.2 

0.0 

0 

0 

0.2 

0.100 

0 

0 

0.2 

0.1  so 

0 

0 

0.  3 

0.250 

0 

0 

0.6 

0.330 

0 

2 

C5 

0.400 

0 

1 

0.7 

0.550 

0 

3 

0.6 

0.643 

a 

t 

1  .2 

0.837 

0 

10 

i   eO 

0.850 

0 

5 

1.2 

I.S10 

0 

66 

1.8 

1  .1  10 

0 

18 

1.6 

1  .**Q 

0 

121 

0.6 

1  .650 

0 

3 

t  .6 

1  .790 

a 

101 

0.  9 

2.140 

0 

85 

0.7 

2.490 

0 

52 

1.2 

2.S50 

0 

34 

1.2 

2.730 

a 

S6 

1  .5 

2.660 

0 

65 

1  .5 

2.980 

0 

40 

ME&N 

0.8 

1.134 

0.0 

27.7 

ST    DEV 

0.6 

1  .031 

o.c 

36.9 

.H 


< 


b 


<" 


=)PT   2718.1 


W3NTANA  DE»»RTMENT  OF   * I SH  AND  GAwF 
AQJATIC   INSECT   REGRESSION!  ANALYSIS 
MARCH  12.   1976 


f 


IS 


REGRESSION    OF     V2    ON    XI     AND    X2 


station:      is 

N1SWBER    OF    samplers:       2* 

SAMPLING    PERIOD:        OCT.15«1975 


MODEL 

I  : 

y 

= 

A 

+  B«X  1 

A 

.-r 

-1  J  .2272 

B 

= 

46.9574 

R 

t: 

0.71 1 7 

F 

= 

22.5656 

DF 

= 

1.  22 

Y     =     A     ♦     B*X? 


y     =     A     *     B*« 1      +     C*X2 


A 

= 

1 . 166B 

B 

£; 

23.6223 

R 

m 

0.6606 

F 

— 

17.031 1 

DF 

= 

t.  22 

A 

= 

-  1  1 .6655 

B 

E 

32.2891 

C, 

E 

1 1.2146 

R 

i: 

0.7453 

[--' 

= 

13.1213 

DF 

= 

2,  21 

ro 
tn 
— i 


88 


MODEL 

I  l: 

L">J<  Y> 

=  A 

4-  B*X  I 

A 

~ 

-8.4027 

a 

K 

9.0644 

R 

= 

0.7873 

F 

= 

35.8822 

DF 

= 

1.  22 

lni  y> 

=  A 

*     9*  X2 

A 

s 

-S.90BB 

8 

i." 

4.4597 

R 

x 

0.7163 

F 

~ 

23. 1 306 

DF 

= 

1.  22 

LN<V)     a:     A     «•     B*X1     -s-     C*X2 


A 

s_': 

-8.4B02 

B 

n 

6.4702 

C 

= 

1 .9835 

n 

K 

0.8186 

p 

= 

21 .3349 

DF 

= 

2.  21 

IS 


MODEL     til:        LN(Y)  =  A    ♦    S*L-N<X1> 

A  =  2.2599 

3  =  6.238S 

R  =  0.8858 

F  =  80.1472 

DF  =  I.     22 


LMV)     =     A     +     BfcL"J<X2> 


A 

~ 

1.0216 

B 

o 

0.951B 

R 

E 

0.6650 

F 

- 

1 7.4399 

OF 

E 

t.  22 

V)  =  A 

*     B*LN(X1> 

♦  C*LN(X2) 

A  » 

2.2738 

^B  ■ 

7.4*36 

C  * 

-0.3020 

R  = 

0.8936 

F  x 

41 .6094 

OF     * 

2.  21 

n 


WT  2718.1 


MONTANA  DEPARTMENT  OF  FISH  AND  GAMC 
AQUATIC   INSECT  REGRESSION  ANALYSIS 
MARCH  12,  1976 


55 


51 


1= 

i 

en 
co 


58 


station:      13 

num8eb   of    samplers:      24 

SAMPLING  PERIOD:   NOV.ll.S9T5 


XI 

X2 

VI 

¥2 

WATER 

CU95ENT 

NUMBER 

OF 

NUMBER  OF 

DEPTH 

VFLOCITV 

SPECIE 

s 

ORGANI SMS 

C  .  1 

0.0 

0 

3 

0.2 

0.150 

0 

0 

0.  3 

0.220 

0 

e 

0.4 

0.333 

0 

0 

0.6 

0.510 

e 

2 

o.<? 

0.705 

0 

0 

1  .  ! 

0.770 

0 

0 

1  .5 

0.967 

0 

32 

1.  3 

1  .200 

1} 

0 

1.5 

1.260 

0 

26 

1  .9 

1  .410 

a 

103 

2.0 

1  .440 

0 

48 

1  .T 

I  .570 

0 

38 

2.3 

1.610 

0 

9! 

I.  ! 

I  .670 

0 

0 

2.7 

1  .690 

0 

65 

2.5 

2.000 

0 

1  30 

3.5 

2.000 

0 

36 

1  .5 

2.  190 

0 

34 

2.1 

2.190 

0 

75 

1  .6 

2.600 

0 

49 

2.7 

2.680 

0 

39 

2.* 

2.730 

0 

40 

2.4 

3.550 

0 

31 

MEAN       1  .6 

1.477 

0. 

0 

35.5 

ST  OEV    0.9 

0.921 

0  • 

e 

36.4 

15 


( 


■ 


a=r  2718.1 


MONTANA  DFPiBIXENT  DF  FISH  AND  GAM! 
AOJATIC  INSECT  REGRESSION  ANALfSlS 
MARCH   12,   1976 


J: 


si 


REGRESSION  OF  Y2  ON  XI  AND  X2 


station:   18 

NUMBER  OF  SAMPLERS;   2* 

SAMPLING  PERIOD:   NOV. 11,1975 


MODEL   I : 

V 

= 

A 

+  B*X  1 

A 

= 

-1 1.8690 

B 

-- 

29.91 73 

R 

9 

0.7062 

F 

a 

21 .8877 

DF 

= 

1  .  22 

A  *   B*X2 


A  *   3«X1   +  C«X2 


A 

= 

7.001 1 

0 

£ 

19.2968 

R 

„ 

OfftCSS 

F 

= 

6. 8963 

F 

= 

1.  22 

A 

~ 

-  1 0.9  84  9 

8 

K 

♦0.2026 

C 

±i: 

-11 .6254 

R 

a 

0.7255 

F 

= 

I  1  .6705 

DF 

= 

2.  21 

I 

ro 
en 


■■Jl 


MODEL 

It: 

LN<  Y) 

= 

A 

4-  E*X  1 

A 

=: 

-1 1.2765 

a 

~ 

6.6206 

R 

= 

0.S038 

F 

= 

40. 1620 

Or 

» 

1.  22 

ln(  r > 


A  *  9*X2 


A  ■ 

-8.S898 

B  «" 

5.2771 

R  = 

0.6B71 

F  = 

19.6775 

F  = 

1.  22 

LN(V)  «  A  +     B*X1  +  C*X2 


ft 

r  .- 

-I  1.3225 

0 

V. 

6.1091 

C 

c- 

0.5763 

ft 

r: 

0. 9049 

F- 

•~- 

19.3210 

OF 

s 

2,  21 

MODEL  lit:    LW(V)  =  A  «■  8*LN<Xl> 

A  *      -2.0578 

B  =       6.30T7 

P  =       0.7976 

F  =      38.4592 

DF  =       It  22 


LN(Y>  e  A  *  B*LM<X2) 


A  s 

-0.3576 

B  ■ 

1.48*0 

R  = 

0.5291 

F   « 

8.5528 

F  = 

1.  2? 

L*«V)  =  A  ♦■  B*LN(XI>  ♦  C*LNIX2I 


A 

&: 

-2.7*23 

B 

a 

9.3810 

C 

■ 

-0.9125 

R 

L; 

0.8205 

;r 

K 

21 .6267 

DF 

e 

2,21 

I 

1 


:fe 


■•-' 


V 


m 


